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TWO HEADS ARE BETTER THAN ONE 


It takes two experienced fliers—the pilot and produce advanced weapon control systems. 
the landing signal officer—to make a carrier If you are interested in systems for guidance 
landing. In the same way, two activities —cre- and control, contact Arma... Garden City, 
ative engineering and production technique N. Y. A division of American Bosch Arma 
—work together at Arma to develop and Corporation. 
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AERONAUT 


MOST 
PROFITABLE 
AIRLINER 


FOR 3/4 OF ALL AIRLINE FLIGHTS 


NEW 
LOCKHEED 


ELECTRA 


Because of its wide-range opera- 
tional flexibility, the new Lock- 
heed ELECTRA is unsurpassed in 
performance and economy for 
all flights up to 2,500 miles. 


Available in 1958, the ELECTRA 
will be the fastest operational 
transport. It cruises 65 mph 
faster with a payload of 85. This 
extra speed, plus time-saving 
ground-handling advantages, 
contributes to maximum profit 
potential. 

Roomier cabins, all-new decor, 
wider seats, larger windows—all 
enhance ELECTRA passenger ap- 
peal. New quiet is achieved with 
Allison propjets and advanced 
soundproofing. 


American, Braniff, Eastern, 
KLM Royal Dutch Airlines, 
National and Western Air 
Lines have ordered for impor- 
tant routes 128 ELECTRAS. 


LOCKHEED 


AIRCRAFT CORPORATION 
Burbank, California 

WORLD’S MOST EXPERIENCED BUILDER 
OF PROPJET AIRCRAFT 


Look to Lockheed for Leadership 
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"Whatever our goals in life, we must work 

hard, study constantly, seek truth and think 

big and then, truly, those who accept the chal- 

lenge of flight will find the sky is no limit" IAS President Edward R. 
Sharp, before Atlanta Section, September 6, 1956. 


THE OPPORTUNITY ENCOMPASSED by the Institute's Flight Test Engineer- 
ing Fellowship is presented in complete form on Page 20. Though the dead- 
line for applications is March 1, 1957, early inquiries are invited. 


CAI-IAS INTERNATIONAL MEETING arrangements, made since first an- 
nouncement (on the page following) of the Toronto, Canada conference on Nov. 
26 and 27 was written, have established identities of authors and titles of 12 
papers to be delivered at the four technical sessions. IAS President Edward 
R. Sharp will find it possible - despite a demanding schedule of speaking en- 
gagements - to be present. The printed program, listing complete data, and 
a dinner reservation form, will reach members soon after this issue of the 
Review. 


A NEW IAS CORPORATE MEMBER is the Standard-Thomson Corporation, of 


Dayton, Ohio. Edwin E. Aldrin, an IAS Fellow and Benefactor, is Eastern 
Manager. 


UP, UP, UP---As this issue of IAS News Notes goes to press, the world is 
learning through every available medium that the X-2 has setan altitude record 
of almost 24 miles - 126,000 feet. The pilot? Captain Iven C. Kincheloe, 
USAF,a Technical Member of the IAS who is Engineering Experimental Flight 
Test Pilot at Edwards Air Force Base. 


THE SUDDEN DEATH OF CHARLES J, LOWEN, head of the Civil Aeronautics 
Administration, shocked the Nation on September 5. The 4l-year-old Hon- 
ary Member of the Institute, whose appointment last December brought new 
vitality into the CAA, was thought to be recovering from an operation in May. 
Cancer caused his death. 


THE THIRD EDITION of prize-winning papers of IAS Student Members has 
been published by the MINTA MARTIN AERONAUTICAL STUDENT FUND 
under direction of the Institute. The 185-page volume, "1956 FIRST AWARD 
PAPERS", contains 11 technical reports (2 more than last year) and authors' 
figures; it will be mailed to Sections, Student Branches, Faculty Advisers and 
Corporate Member Representatives. Individual requests for copies will be 
honored while a limited supply lasts. The publication is another step taken to 
widen the scope of the Regional Conference program, under the MINTA MARTIN 
FUND, which also will assist other aspects of the program, In addition, new 
programs shall be effected, through which the ideals and wishes of MINTA 


MARTIN will benefit aeronautical students all over the country for years to 
come, 
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1.A.S. News Notes (con’t.) 


NATIONAL MEETINGS CALENDAR 


Nov. 26-27 International Meeting, Canadian Aeronautical Institute and the 
IAS, Royal York Hotel, Toronto, Ontario, Canada. 

Dec. 17 Wright Brothers Lecture, U. S. Chamber of Commerce Build- 
ing Auditorium, Washington, D.C. Sir Arnold Hall, Lecturer, 

Jan, 28-- Twenty-Fifth Annual Meeting, Sheraton-Astor Hotel, New York. 

Feb. 1 

Mar.14-15 Flight Propulsion Meeting (Confidential) Hotel Carter,Cleveland, 

Sept.1-16 Sixth International Aeronautical Conference, Falkstone, Eng- 
land. (See Editorial,this issue. ) 


* K 


SEC TION MEETINGS CALENDAR 


. 3 - Baltimore Section: Secret Meeting, 2611th Air Reserve Center, 
8p.m. Air Research and Development Command Briefing.Clear- 
ance necessary. 

3 - Philadelphia Section: Dinner Meeting, Penn-Sherwood Hotel, 6:30 
p.m. 'Problems Associated with Long Range Weapons Systems" 
by L. B. Cowles. 

. 4 - Atlanta Section: Dinner Meeting, Naval Air Station Officers Club, 
Chamblee, Georgia, 6:30 p.m. "Air Cargo'' by Thomas J. Harris. 

. 8 - Indianapolis Section: Dinner Meeting, Marott Hotel Marble Room, 
6:30p.m. "The Lockheed Electra Aircraft" by Howard McGlasson. 

. 9 - Los Angeles Section: Specialist Meeting, IAS Building, 8 p.m. 
"General Considerations for Inlets of Supersonic Speeds" by Oran 
W. Nicks. 

. 9 - San Diego Section: Joint Meeting with ARS, IAS Building, 8 p.m. 
"Problems of Successful Reentry into the Earth's Atmosphere" by 
William Dorrance. 

. 10 -Niagara Frontier Section: Dinner Meeting, Cornell Aeronautical 
Laboratory Auditorium, 6 p.m, "Flight Simulators, Past, Present 
and Future" by Richard C. Dehmel. 

.16 -Cleveland-Akron Séction: Dinner Meeting, Manger Hotel, Cleve- 
land, 6p.m. "Progress to Date on the Earth Satellite" by Herbert 
Friedman, 

.17 -Columbus Section: Dinner Meeting, Officers Club, Naval Air Sta- 
tion, Port Columbus, 6:30 p.m, ''Weather and Aircraft Operations" 
by R. C. McMaster, 

. 18 - Dayton Section: Dinner Meeting, Cordell's Supper Club, Fairborn, 
6:30 p.m. 'Design Philosophy of the Convair 880 Jet Transport" 
by A. D. Riedler. 

Qct. 18 - Los Angeles Section: Specialist Meeting, IAS Building, 8 p.m. 
"Plane Sense and Weapon Systems" by Rear Adm.J.S.Russell,USN. 

Oct. 19 -New York Section: Dinner Meeting, jointly with ARS, Brass Rail 
Restaurant, Park Avenue & 40th Street, ''USAF Research and De- 
velopment Program in Rocketry" by Gen. M.C.Demler, USAF. 

Oct. 23 - Los Angeles Section: Dinner Meeting, IAS Building, 6p.m. 'Trans- 
ient Heating Measurement Techniques During High Speed Flight" 
by Simon de Soto. 
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IAS News 


A Record of P 


Skyways Lead to Canada Nov. 26, 27 
For Third Annual CAI-IAS Conference 


C. C. Furnas, U.S. Assistant Secretary of Defense, Principal 
Speaker at Toronto Dinner; Missiles Session and Three Others 
Slated; American Will Give Turnbull Lecture 


MID INDICATIONS that it will be bigger than last year’s event, the 
1956 CAI-IAS International Meeting next month is to feature four 


technical sessions. 
Aeronautical Institute and the In- 
stitute of the Aeronautical Sciences. 
Prominent roles have been assigned 
two outstanding Americans; others 
from the United States will present 
technical papers. 

The Conference will take place on 
November 26 and 27 at the Royal 
York Hotel, Toronto, Ont., Canada 
about 90 min. from New York. 
While plans were tentative as this 
issue of the REVIEW was being pre- 
pared, it is expected that any changes 
will be minor. 


IAS Fellow Principal Speaker 


Principal speaker at the Confer- 
ence Dinner will be Clifford C. Furnas, 
US. Assistant Secretary of Defense 
(Research and Development). Dr. 
Furnas is a Fellow of the IAS. 

The honor of being the first Ameri- 
can to deliver the W. Rupert Turnbull 
Lecture goes to Simon Ramo. Dr. 
Ramo is Executive Vice-President of 
The Ramo-Wooldridge Corporation, 
Los Angeles. (Last year, these two 
honors went to Canadians.) 

J. C. Floyd, Vice-President—En- 
gineering, Avro Aircraft Limited, will 
be Chairman of the Turnbull Lecture, 
which was established to perpetuate 
the memory of one of Canada’s out- 
standing aviation pioneers and bene- 
factors. 

Technical sessions will be on Flight 
Test, Quality Control, Electronics in 
Aviation, and Missiles, with the latter 
subject being assigned a climactic 
position. Each session will consist of 
three papers. They will be presented 
by six Americans and six Canadians— 
an increase of two papers over last 
year’s total. 


It will be the third annual joint meeting of the Canadian 


Registration May Top Last Year 


Early interest expressed in the event 
indicates that a total registration ex- 
ceeding 500 persons may be antici- 
pated. This would be an increase 
of about 100 over last year’s Confer- 
ence. In 1955, the United States ac- 
counted for about a third of the esti- 
mated 400 present. More than 700 
attended the Conference Dinner, mak- 
ing it one of the largest banquets ever 
held in Ottawa. 

Dr. Furnas, who is on leave from 
his post as Chancellor of the Univer- 
sity of Buffalo to serve as Assistant 
Secretary of Defense, succeeded 
Donald A. Quarles, who became Secre- 
tary of the Air Force. Dr. Furnas 
assumed the post last December. 


Directed Cornell Laboratory 


From 1946 to 1954, Dr. Furnas was 
Director of Cornell Aeronautical Lab- 
oratory, Inc., Buffalo. He was the 
Laboratory’s first Director and pre- 
viously had been Director of the same 
research laboratory when it was 
operated by the Curtiss-Wright Air- 
plane Division. 

Dr. Furnas previously had served 
the Department of Defense research 
and development organization in a 
consultant capacity and had been 
associated with its predecessor, the 
Research and Development Board, in 
various capacities since February, 
1948. He also has headed the Tech- 
nical Advisory Panel on Aeronautics, 
is a former chairman of the Committee 
on Guided Missiles, and is a member 
of the Committee on Aeronautics of 
the Research and Development Board. 
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eople and Events 
of Interest te Institute Members 


C. C. Furnas, FIAS 


During World War II, Dr. Furnas 
served with groups of the National 
Defense Research Committee of the 
Office of Scientific Research and 
Development which were concerned 
with physical, chemical, and chemical 
engineering problems. 

Dr. Ramo is an _ internationally 
known authority in the fields of elec- 
tronics systems, guided missiles, and 
automation. He has predicted that 
within 10 years a substantial portion 
of the country’s freight could be 
carried by unmanned or guided 
missiles. 


T. E. Stephenson 
1956 President, CAI 
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Dues Standardized by 


Council Action 


Standardization of dues and abolish 
ment of two grades of membership 
which will be combined into one new 
grade has been ordered by the IAS 
Council on recommendation of the 
IAS nine-man Membership Committee. 
The action was taken at the IAS Na 
tional Summer Meeting at Los Angeles 
in June. 

All changes will be effective as of 
January 1, 1957. The new dues rates 
will not pertain to the billing this vear. 
The membership levy for 1957 and 
ensuing years only is involved. 

The two membership grades which 
are abolished as of January 1, 1957, 
are Associate Member and Technical 
Member. Those in the two grades on 
December 31, 1956, automatically will 
become Associates and will be so des 
ignated thereafter. 

After January 1, 1957, the dues for 
Associates under age 28 will be $7.00 
yearly. Dues per annum for Asso- 
ciates over age 28—and for all other 
grades—will be $15.00. 

The Membership Committee is com- 
posed of John H. Arms, Charles Froesch, 
T. F. Hammen, Jr., Jerome Lederer, 
C. E. Pappas, R. Dixon Speas, Elmer 
A. Sperry, Jr., F. K. Teichmann, and 
Charles Tilgner, Jr. 


Separate Acoustics Unit 
Is Established at Douglas 


Establishment of a “‘completely sepa 
rate’ Acoustics Section, which it is 


1956 


Edward R. Sharp, FIAS, Director of Lewis Flight Propulsion Laboratory, NACA, 


and President of the Institute of the Aeronautical Sciences, meets with officers of the 
IAS Student Branch at Parks College of Saint Louis University during Commence- 


ment Week. 


Pictured with Dr. Sharp are Douglas Yando, left, Vice-Chairman of 
the Parks Branch, and Dale Anderson, Chairman. 


The IAS President delivered 


the College's midyear Commencement address, speaking on ‘‘The Sky Is No Limit.” 
His talk traced recent developments and pointed out opportunities extant for gradu- 
ates of the aeronautical engineering program in the field of aviation. 


said was demanded by the growing im 
portance of the sound engineer in the 
design of commercial aircraft, has been 
announced by Douglas Aircraft Com 
pany, Inc., Santa Monica, Calif. 

Matha M. Miller, MIAS, whose de 
velopments in the field of 
have resulted numerous technolog 
ical advancen incorporated in 
today’s air liners, was named Chief of 
the new section 

In announcing Mr. Miller’s appoint 
ment, E. F. Burton, Chief Engineer of 
the Company's Santa Monica Division, 
declared that the 


acoustics 


‘“‘ceneral technological 


neering Fellowship. 


application. 


The Institute invites all eligible to enter the 1957 
successful candidate, or candidates, will join several Air Force and Navy 
test pilots in a specially designed program providing a 
advanced technical training in the science of test flight 

Application forms may be obtained by a request in writing, endorsed by 
a sponsoring reference, addressed to Flight Test, Institute of the Aeronauti 
cal Sciences, 2 East 64th Street, New York 21, N.Y 

The closing date for applications is March 1, 1957 

The Fellowship award has a total value of $4,700 
receives $1,500 as stipend and $600 for tuition 
receives $2,000 as stipend and $600 for tuition. 

Winning candidates pursue 2 years of graduate 
where departmental expenses are covered. 
tingent upon satisfactory performance during the initial year. 

The program offered is adjustable. 
educational institution or employed in the aircraft industry when making 


IAS Opens Competition for Fellowship in Flight Test; 
Forms Available Now 


Do you have a Bachelor’s degree in engineering ? 

Or will you get one before June, 1957? 

If so—and you are a citizen of the United States 
candidate for the Institute of the Aeronautical Sciences Flight Test Engi 


you qualify as a 


competition. The 


solid foundation of 


\ First-Year Fellow 
\ Second-Year Fellow 


study at Princeton, 
Second-vear renewal is con 


Candidates may be enrolled in an 


field of acoustics has become of such 
importance to aircraft design to the 
aircraft passenger and to the public 
that this special phase of engineering 
given increased 
in our organization.” 


is being recognition 

Research and development in this 
field, for many years accomplished as a 
group project within a major engineer 
ing section at Douglas, now is given 
equal status. 

Mr. Miller has headed the acoustics 
program since becoming affiliated with 
the Santa Monica Division in 1949 and 
has supervised several major develop 
ments. 

Under his direction, Douglas is 
credited with development of the 
Anacoustic Window, the use of Acousti- 
mat Tape, and the Slip-Stick Partition 

all used in one form or another in 
today’s commercial transports, accord- 
ing to Douglas. 

The Anacoustic Window introduced 
an extra inner pane which prevents 
structure vibrations from entering the 
airplane in the form of sound. The 
Acoustimat Tape is used as a sound- 
damping material on the skin of the 
airplane, while the Slip-Stick Partition 
supports the fuselage from the acoustic 
forces of the propellers. 


Stever Is Given USAF Award 
for Work as Chief Scientist 


H. Guyford Stever, AFIAS, has 
received the USAF Exceptional Civilian 


Service Award in recognition of his 
service to the Air Force as Chiel 
Scientist from February 1, 1955, to 


July 31, 1956. The presentation was 
made by Secretary of the Air Force 
Donald A. Quarles in an afternoon 


ceremot 
the Per 


The 
ability 
of long 
comple 
the nat 
solutior 
and wu 
vital te 
has de 
continu 
tive su 
and ha 
to the 
At tl 
Stever 
Aerona 
chusett 
has re 
Dean 
Dr. 
Chief 
Perkin’ 
partie 
at Prir 
sue of 


of 


Fou 
entatic 
f Air 
the Ir 
ences 
medic: 
Engin 
Unive: 
stitute 
Engin 

Cha 
M.D., 
ers W! 
Mathe 
and 
sity’s 

The 
sium 
sense 
organi 
Angel 
study 
in th 
ploit 
effort 

Ter 
discus 
and 
plann 
air ca 
traffic 
plann 
point: 
air tr 

Otl 
ger ai 
air 
flight 


a 
| 
| 
| 
| 
| 
— 


such 

to the 
public 
neering 
nition 


in this 
ed asa 
igineer 
S given 


coustics 
ed with 
449 and 
levelop 


glas 1s 
of the 
\cousti 
‘artition 
in 
accord 


roduced 
prevents 
‘ing the 
d. The 
sound- 
of the 
artition 
acoustic 


Award 


ntist 


\S, has 
Civilian 
of his 
s Chief 
955, to 
ion was 
ir Force 
fternoon 


ceremony in the Secretary's office at 
the Pentagon. 

The citation asserts: ‘‘Through his 
ability as a scientist, his understanding 
of long range military needs, and his 
complete devotion to the welfare of 
the nation, he has assisted in the early 
solution of highly technical, scientific 
and unusual management problems 
vital to national defense. Dr. Stever 
has devoted himself selflessly in the 
continuous task of insuring the qualita- 
tive superiority of American weapons 
and has made important contributions 
to the United States Air Force.”’ 

At the time of his appointment, Dr. 
Stever was Associate Professor of 
\eronautical Engineering at Massa- 
chusetts Institute of Technology. He 
has returned to M.i.T. as Associate 
Dean of the School of Engineering. 

Dr. Stever has been succeeded as 
Chief Scientist by Courtland Davis 
Perkins, AFIAS, Chairman of the De- 
partment of Aeronautical Engineering 
at Princeton, as reported in the June is- 
sue of the REVIEW. 


IAS Is Among Sponsors 
of Air Transport Symposium 


Four groups will join forces in pres 

entation of a symposium on Ecology 
f Air Transport on December 7 in 
the Institute of the Aeronautical Sci- 
ences Building in Los Angeles. The 
ganizations are the IAS, the <Aero- 
medical Engineering Association, the 
Engineering Extension Division of the 
University of California, and the In- 
stitute of Transportation and Traffic 
Engineering at U.C.L.A. 

Chairman will be John R. Poppen, 
M.D., AFIAS. Other conference lead- 
ets will be Heinz Haber and Harry 
Mathewson of the Institute at U.C.L.A. 
and Harry Morehouse of the Univer- 
sity’s Physical Education Department. 

The word ‘‘ecology”’ in the sympo- 
sum title is used in the dictionary 
sense of the mutual relations between 
organisms and their environment. Los 
Angeles planners have designed the 
study to present a view of conditions 
i the foreseeable future and to ex- 
ploit the areas in which cooperative 
eflort is necessary. 

Tentative program plans include 
discussions of local, national, global, 
and spatial air policy, air facility 
planning, characteristics of tomorrow's 
air carrier, and commercial and military 
traffic control systems. A panel is 
planned for the presentation of view- 
pints of problems of forthcoming 
air transport. 

Other sessions will deal with passen- 
ger attitudes and the psychology of the 
air passenger, physiology of global 
lights, and other facts of air transport. 


IAS NEWS 


Two IAS Members Reappointed 
Guggenheim Fellows 


Two IAS members have been notified 
by the Daniel and Florence Guggen- 
heim Foundation of reappointments as 
Guggenheim Fellows. 

Meredith C. Gourdine, TMIAS, of 
Brooklyn, will continue studies at the 
Guggenheim Jet Propulsion Center at 
California Institute of Technology. The 
Center and a similar one at Princeton 
were established in 1948 to train promis- 
ing graduate students for leadership 
in the rocket and jet propulsion fields. 

Michael I. Jarymowyez, STMIAS, 
Bronx, will resume his studies at the 
Daniel and Florence Guggenheim In- 
stitute of Flight Structures at Columbia 
University. This school was founded 
in 1954 as a unit of the School of Engi- 


2) 
neering under sponsorship of the 
Foundation. 


Fellowships provide stipends ranging 
from $1,200 to $2,000 annually, plus 
tuition. 


IAS Member Is Officer 
in New Aerophysics Firm 


Carl E. Hall, MIAS, and Howard M. 
Webb have formed American Aero- 
physics Corporation with headquarters 
in Los Angeles. 

The new firm will engage in aero- 
nautical research and development with 
emphasis on aerodynamic, structural, 
and mechanical problems of missiles. 

Mr. Webb is President and Mr. Hall 
Vice-President. Both are former as- 
sociate project engineers with the Aero- 
physics Development Corporation, 
Santa Monica, Calif. 


Necrology 


Earl V. Farrar 


Earl V. Farrar, Chief Engineer of 
the Wright Aeronautical Division of 
the Curtiss-Wright Corporation, Wood- 
Ridge, N.J., died suddenly of a heart 
attack in his home, 216 Gardner Road, 
Ridgewood, N.J., on August 11. 

Mr. Farrar had been an Associate 
Fellow, IAS, since October 30, 1953; 
his membership dated from July 21, 
1950. He was coauthor, with R. E. 
Johnson, of an IAS paper “Do We 
Need Turbo-Props?’ presented at 
the 1950 Cleveland Flight Propulsion 
Meeting. 

Born in Calvert, Kan., in 1903, Mr. 
Farrar received a Bachelor of Science 
degree in Mechanical Engineering from 
Kansas State College in 1926, a Master 
of Science degree from Purdue Uni- 
versity in 1929, and a Mechanical En- 
gineering degree from Kansas State 
in 1931. While at college, he was 
admitted to Sigma Tau, honorary en- 
gineering society, and during his gradu- 
ate studies was an Instructor in Descrip- 
tive Geometry and Engineering Draw- 
ing. Later, during his professional 
career, he gave courses in Engine Dy- 
namics at New York University. 

Mr. Farrar started his career with 
Wright Aeronautical Corporation, Pat- 
erson, N.J., in 1929 as a layout drafts- 
man and progressed through many de- 
partments. He was named Chief En- 
gineer last year, having been instru- 
mental in design and development of a 
long line of Wright military and com- 
mercial engines. 

Mr. Farrar was a member of the 
Society of Automotive Engineers, in 
addition to the Institute. He partici- 


pated in professional activities as an 
active member of the Engine Technical 
Committee of the Aircraft Industries 
Association. He also had served as a 
representative of his Division to the 
Gear Manufacturers Association, as 
a member of the Automotive Council 
for War Production, and as a member 
of the NACA Turbine Subcommittee. 
He also served as a member of the U.S. 
Naval Technical Mission in Europe 
in 1945 and was industry representative 
on a special U.S. Air Force survey 
team in France and England in 1952. 

Survivors include his wife, two 
children, his father, and three brothers. 


Carl Hinshaw 


Representative Carl Hinshaw, MIAS, 
member of Congress since 1938 and one 
of its leading authorities on aviation, 
died August 5 at Bethesda Naval 
Hospital, Washington, D.C. Sixty-two 
years old, he became affiliated with the 
IAS on June 28, 1945. His death was 
attributed to pneumonia complicated 
by a heart condition. 

Born in Chicago, Mr. Hinshaw in- 
cluded among his duties on the Com- 
mittee on Interstate and Foreign Com- 
merce the investigation of plane crashes; 
he had been active in this effort since 
1940 and most recently was investigat- 
ing the June 30 mid-air collision of two 
air liners over the Grand Canyon. 

From 1929 to 1938, he was a member 
of the real estate insurance brokerage 
firm of Morse-Hinshaw Company, Pasa- 
dena, Calif., and in the latter year was 
elected to the 76th Congress.  Ex- 
actly 10 years later, he received the 
Citation of Honor from the Air Force 
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Association and, in 1953, the Wright 
Brothers Memorial Trophy of the 
National Aeronautic Association. 

Vitally interested in the development 
of atomic energy for peaceful uses, he 
was in the vanguard of those seeking 
easing of immigration requirements for 
alien scientists. He also was a member 
of the Joint Congressional Committee 
on Atomic Energy. 

Prior to enlistment in the Army in 
1917, Mr. Hinshaw had received a civil 
engineering degree at Princeton Uni- 
versity. In 1919, he resigned from the 
Army Corps of Engineers with the rank 
of Captain. 

Surviving are his widow, two sons, 
and his mother. 


Eugene Barton Hoffman 


Eugene Barton Hoffman, TMIAS, 
a member of the Aerodynamics Section 
of Engineering in the Los Angeles 


ENG 


NEERING REVIEW 


Plant of North American Aviation, Inc., 
was among 128 persons who lost their 
lives in the mid-air collision on June 
30 of two commercial air liners over the 
Grand Canyon. 

Mr. Hoffman, 26 years old. was en 
route to Pittsburgh on company bust- 
His untimely death followed by 
only a few days his receipt of a Master’s 
degree in aeronautical engineering from 
the University of Southern California. 
He had planned to continue his post- 
graduate studies in the field. 

Mr. Hoffman became affiliated with 
the Institute as a Student Member in 
November, 1949, while attending the 
University of Pittsburgh. An aero 
nautical and mechanical engineering 
major, he was graduated as an out 
standing senior in the aeronautical en- 
department in June, 1951, 
and in the same month joined North 
American as an engineer draftsman. 

He is survived by his parents, a 
brother, and a sister, all of Pittsburgh. 
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> Samuel B. Batdorf (AF) has joined 
Lockheed Missile Systems Division’s 
research branch as Assistant Director 
and Head of the Electronics Division. 
Dr. Batdorf will direct activities in 
electronics research, electronics de- 
velopment, flight-test electronics, and 
advanced telemetering development. 


Hermann H. Kurzweg, AFIAS, has been 
named by the Navy Department to the 
newly established post of Associate Tech- 
nical Director for Aeroballistic Research at 
the U.S. Naval Ordnance Laboratory, 
White Oak, Silver Spring, Md. Dr. 
Kurzweg has been with the Laboratory since 
1946 and has served as Chief of its Aerobal- 
listic Research Department since 1952. In 
1951, he received the Navy's Meritorious 


Civilian Service Award for outstanding work. 


He is former Director of Develop- 
ment, Engineering Headquarters Staff, 


Westinghouse Electric Corporation. 


> William M. Duke (AF), 
Vice-President of the Cornell 
nautical Research Laboratory, 
been named Program Director 
the Titian ICBM Program at 
Ramo-Wooldridge Corporation, 
Angeles 


former 
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for 
The 


Los 


>» George Gerard (AF), Assistant 
Director, Research Division, New 
York University College of Engi- 
neering, has been named also Research 
Professor of Aeronautical Engineering. 


p W. C. Heath (AF) has been named 
to the newly created post of Projects 
Manager in Solar Aircraft Company’s 
San Diego plant to undertake major 
projects and be responsible for coor- 
dinating activities pertaining to them 
among various company divisions. 
He is a former Chairman of the San 
Diego Section. 


> J. S. McDonnell (F), President of 
McDonnell Aircraft Corporation, re- 
cently was honored by his Class (1921) 
at Princeton in a citation for distin- 
guished service to the United States. 
The award, lauding Mr. McDonnell 
as an “outstanding engineer and 
good citizen,’’ stressed contributions 
of his firm’s “‘trial blazing’’ in -devel- 
opment of military aircraft for the 
nation’s defense and praised him as 
“celebrated for his efficiency in pre- 
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Captain Paul J. Burr, USN, AFIAS, 
been transferred from Aijircraft Materito the 
Officer on the Staff of the Air Force Compote! 
mander, Pacific Fleet, to Executive Direct, ae 
of the Field Activities Group, Bureay 4 
Aeronautics. and 2 
iorme! 
venting waste; for his success in win 
ning the cooperation and loyalty q> Ed 
co-workers. ... He has made an ouf@PPOU 
standing contribution to the whojeron 
defense program.”” The citation alj¥mv¢ 
took note of the McDonnell Foundg! th 
tion peace fund and of the work Mythe C 
McDonnell has done in education anjEngi 
community service. an As 
iv 
> Ross A. McFarland, M.D. (M), ‘hon 
the Harvard School of Public Healtt eitle 
has been honored with an award in 
scribed: ‘‘An appreciation to RossAp Al 
McFarland, in recognition of out elect 
standing contributions for the imnautt 
by a 
Jagannath P. Chawla, M, has institut 10 
an award of 500 rupees for the year 19564the | 
be given for the best paper on any aspect: 
aeronautics either read before the Aerona 
tical Society of India or written for publi 
tion in the Journal of the Society during t 
year. The award is open to all members4 
the Society and all citizens of the Republi 
of India. It will be administered and 
sented by the Aeronautical Society : 
India. 
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ovement of knowledge of military 
edicine of importance to national 
The award was presented 
ently by Gen. S. B. Hays, Sur- 
on General of the Army, after Dr. 
{cFarland gave the second annual 
Stevens Simmons Memorial 
on ‘“‘The Role of Human 
actors in Accidental Trauma’”’ at 
Walter Reed Army Medical 


Angelo Miele (M), an Associate 
fPProiessor of Aeronautical Engineer- 
g at Purdue University, has been 


pppointed an Engineering Consultant, 
fissiles Division, Douglas Aircraft 
ompany, Inc., Santa Monica, Calif. 
AE Edward M. Powers, Major Gen., 
N, AFIAS, WUSAF (Ret.) (F), has been elected 


rcraft Materito the Board of Directors of Flight 
\ir Force Compefueling, Inc., Baltimore. He is a 


Direct ember of the consultant firm, Powers 
and Mulligan, Montclair, N. J., and 
iormerly was Vice-President of the 


(Curtiss-Wright Corporation. 
1n Win 


d lovalty 4» Edwin L. Resler, Jr. (M), has been 
nade an oyjappointed an Associate Professor of 
o the whojderonautical Engineering by Cornell 
citation aljUniversity, where he will be in charge 
nell Foundgof the Gasdynamics Laboratory of 
he work Mjthe Graduate School of Aeronautical 
ducation anfEngineering. Since 1952, he has been 
jan Associate Research Professor in the 
A.D University of Maryland Institute for 
ublic Healt} Fluid Dynamics and Applied Mathe- 
in award in 
nto RossAp Alfred F. Stott (AF) has been 
ion of outelected Vice-President of The Aero- 
for the imnautical University, Inc., Chicago, 
by action of the Board of Directors. 
JA former Chairman and Secretary of 
the Chicago Section, IAS, Mr. Stott 
q will continue as the University’s Dean 
of Engineering. He recently observed 
his twenty-second year with A.U. 


> Harry F. Vickers (M) has been 
designated recipient of the second 
highest honor of the American Society 
of Mechanical Engineers—the ASME 
Medal for ‘‘distinguished service in 
engineering and science.’’ Mr. Vick- 
ers, President of Sperry Rand Cor- 
poration, will be cited in particular for 
“pioneering in industrial oil hydrau- 
Wf lics and for notable accomplishments 
business leadership.” 


al Society 


> Theodore von Karman (HF), chair- 
man of the Advisory Group for Aero- 
nautical Research and Development, 
North Atlantic Treaty Organization, 
has received an Honorary Doctorate 


_} from the Technological Institute of 
Delft. 


| +4 > Frank L. Wattendorf (F), Director, 
Ai |} Secretariat, Advisory Group for Aero- 


nautical Research & Development, 
tdi NATO, has been elected a Fellow of 
: the Royal Aeronautical Society. 


IAS NEWS 


M. J. Thompson, AFIAS, Professor and 


Chairman of the Aeronautical Engineering 
Department of The University of Texas, and 
Associate Director of its Defense Research 
Laboratory since 1945, has been elected a 
Fellow in the American Society of Me- 
chanical Engineers. Dr. Thompson has di- 
rected technical development of two super- 
sonic wind tunnels, has contributed to de- 
velopment and teaching of courses at a 
number of engineering colleges, and has 
served as consultant on numerous aeronautical 
projects. 


Members on the move.... || 
This section provides information con- 
cerning the latest affiliations of IAS 
members. All members are urged to 
notify the News Editor of changes as 
|| soon as they occur. 


Norman J. Ball (M) has been promoted 
to Assistant Head, Flight Research De- 
partment, in the recently formed Full- 
Scale Division of Cornell Aeronautical 
Laboratory, Inc. He is former head of 
CAL’s Variable Stability Airplane Project. 

K. M. Barnes (TM), Chief Flight and 
Safety Engineer for the Hardman Tool 
and Engineering Company, has_ been 
named to head a new flight safety ac- 
cessory division which will place em- 
phasis on research and project develop- 
ment activities. All facilities of the firm 
will be at the disposal of the new division. 

Murray Berkow (M) has been appointed 
Assistant Sales Manager in Charge of 
Weapons Systems by Republic Aviation 
Corporation, to be responsible for the 
operations of field service and the weapons 
systems requirements division. 


King D. Bird (M) has been appointed 
Assistant Head of the Cornell Aeronautical 
Laboratory Wind Tunnel Department in 
Buffalo. He was employed at the WADC 
Aircraft Laboratory and at the Applied 
Physics Laboratory of John Hopkins 
University before joining CAL in 1951. 

Howard S. Coleman (M) has been 
elected Vice-President in Charge of Re- 
search and Engineering, Bausch & Lomb 
Optical Co., Rochester, N.Y., becoming 
one of the youngest men (39) in the United 
States to hold such a position with a major 
firm. 
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Herbert De Cenzo (M) has been named 
Chief Engineer to head a new coupling 
division established by On Mark Engi- 
neering Company, Glendale, Calif. Dur- 
ing a period of Navy service, Mr. De 
Cenzo was instrumental in the filing of 12 
patents, six of which were fully credited 
to him. 

Jean H. DuBuque (M) has resigned his 
post as Executive Director and Secretary 
of the National Business Aircraft Asso- 
ciation, Inc., with headquarters in Wash- 
ington, D.C. 


Frank W. Godsey, Jr. (M), has resigned 
as Manager of the Baltimore divisions of 
Westinghouse Corporation. 


Raymond F. Halen (M), Sales and 
Liaison Engineer for the Eastern Sea- 
board from 1948 to 1951 for Hydro-Aire, 
Inc., has rejoined the firm in the same 
capacity. Mr. Halen, who began his 
aviation career with Republic Aviation 
Corporation, will maintain headquarters 
in the New York City area. 

John R. Harkness (M) has resigned as 
General Manager of Kearfott Company, 
Inc., a subsidiary of General Precision 
Equipment Corporation. 


Seymour W. Herwald (M) has been 
appointed Manager of the Baltimore Air 
Arm Division, Westinghouse Electric 
Corporation, succeeding B. M. Brown, 
who has been named Manager of all 
Baltimore divisions. Author of many 
technical articles, Dr. Herwald joined 
Westinghouse in 1939. 


Richard K. Koegler (M) has been pro- 
moted to Administrative Engineer in the 
Vehicle Dynamics Department of the re- 
cently formed Full-Scale Division of 
Cornell Aeronautical Laboratory, Inc. 
He formerly headed the Aeronautical Engi- 
neering Branch, Flight Research Depart- 
ment. 


Johann Ludloff (M) has been promoted 
from Associate Professor to Professor of 
Aeronautical Engineering in the New York 
University College of Engineering. In 
addition to teaching, Dr. Ludloff directs 
research on the aerodynamics of shock 
waves. 

N. V. Petrou (M) has been appointed 
Engineering Manager of the Baltimore 
Air Arm Division, Westinghouse Electric 
Corporation, succeeding Seymour W. 
Herwald (M), who has been named Man- 
ager of the unit. Mr. Petrou joined 
Westinghouse in 1941. 


Marvin B. Ruffin (AM), former Vice- 
President Customer Relations, has been 
named Vice-President General Manager 
of Summers Gyroscope Company, Santa 
Monica, Calif. 


Roman M. Spangler, Jr. (M), has 
become affiliated with the Lycoming Divi- 
sion of AVCO Manufacturing Corpora- 
tion as Powerplant Installation Engineer. 


Ellis R. Spaulding (M) has been pro- 
moted to fill the post of Administration 
Engineer, Flight Research Department, 
in the recently formed Full-Scale Division 
of Cornell Aeronautical Laboratory, Inc. 
He has been in charge of the Mechanical 
and Electrical Engineering Branch, Flight 
Research Department. 


(Continued on page 82) 
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Here We Go Again! 


It is sometimes amazing how quickly the 2-year 
intervals between our international conferences slip 
by. A few weeks ago (at the Third Turbine Trans. 
port Meeting in San Diego), it seemed incredible that 
over a year had passed since we had entertained the 
delegates of The Royal Aeronautical Society at Coro- 
nado, and, as this is being written (at the Sixth General 
Assembly of AGARD in Brussels), it seems equally im- 
possible that our meeting with the British Society 
comes up in just about a year’s time. 

The Brussels meeting provided an excellent oppor- 
tunity for preliminary planning talks between the two 
groups. Dr. Ballantyne and his staff conferred with 
the Director and the Secretary of the IAS on questions 
of locale, activities, and programs. Each time we do 
it, the planning is easier. The requirements of our 
two groups are more readily appreciated. We under- 
stand each other better. With five international con- 
ferences already “over the dam,”’ we have laid a solid 
foundation for the future. 

Although the final details of the technical programs 
have not yet been settled (specific papers by particular 
authors are now being solicited on both sides), the 
general topical outline of the meetings has been estab- 
lished. As usual, security problems have been bother- 
some (and are not yet entirely resolved), because all 
sessions must be unclassified, but it is certain that 
wide areas of common interest exist that may be ex- 
plored to our mutual advantage. 

On time and place of the Sixth Conference, we can be 
more specific. As is customary for our meeting i 
the United Kingdom, the program is geared to the 
SBAC’s Farnborough Show. This always falls im 
early September. For 1957 it comes in the first week 
of the month. With the RAeS-IAS meetings scheduled 
immediately afterward, the bracketing dates for the 
two series of events are September 1-16. Note them 
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down on your calendars. Bearing in mind the heavy 
travel demands of that time of year to and from 
Europe, we suggest that you make your hotel and 
transportation reservations early! (The Institute has 
made an arrangement with a travel bureau to handle 
all our reservation requirements. Full particulars 
can be obtained by writing to R. R. Dexter, Secretary, 
IAS.) 

In line with the British concept that technical 
meetings can be made more homogeneous and more 
profitable if held in a spot that offers fewer distractions 
than does London, the seaside resort of Folkstone has 
been selected for 1957. We understand that arrange- 
ments similar to those at Brighton (1953) have been 
made for the meeting places and for the accommoda- 
tion of the delegates (although we doubt that Folkstone 
has anything to match the famous Pavillion and riding 
stables of Brighton!). Again, the full particulars will 
be made available to our members in due course via 
the Secretariats of both Societies. 

As we now understand it, the technical sessions at 
Folkstone will wind up the Conference program. 
Attendance at the Farnborough Show and a series of 
visits to aircraft and engine manufacturing plants and 
to certain government installations will precede these 
meetings. During this phase of the operation, all 
delegates will be based in London. 


Enthusiasm for the joint British-American confer- 
ences remains high on both sides of the Atlantic. The 
advantages to both groups have long since been recog- 
nized and are now accepted without question. Con- 
siderable pressure is developing to broaden the base 
of our conferences by expanding participation beyond 
strictly Anglo-American boundaries. The question 
of official participation by the Canadian Aeronautical 
Institute is under discussion by both Councils. The 
CAI is so closely tied to both the RAeS and the IAS 
that its eventual participation on an equal basis with 
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the older Societies would seem to be a natural develop- 
ment. How far we can go beyond that point is an 
open question. 


The desirability of international conferences in 
aeronautics is now well established, but tod many of 
them may well become burdensome and end up by 
defeating their basic purposes. The attendance here 
at AGARD’s Sixth General Assembly is ample evidence 
of current interest. An excellent program of papers 
and discussions in its five major areas of activity 
(Aeromedical, Wind Tunnel, Structures, Flight Test, 
and Documentation) has been assembled from the 
NATO nations, and the roster of delegates reads like 
an international ‘‘Who’s Who in Aviation.” 


Dr. von Karman and his associates have performed 
a signal service in organizing and implementing the 
AGARD idea. It is always very gratifying to those 
of us of the Institute to be invited to participate. We 
do what we can to assist in the staff functions, and many 
IAS members participate in the meetings or attend as 
observers. Specifically, our work with AGARD’s 
Documentation Committee led directly (with Air 
Force support) to the publication of the International 
Aeronautical Abstracts, the yellow insert that now 
appears in every issue of the REview. This service 
has attracted wide interest all over the world and is in 
growing demand. 


Thus, IAS interests in the international field are 
steadily expanding. And this is good. Great profit 
san be derived, is being derived. We look toward the 
day when our activities may even extend beyond 
present limits. Already there are signs that there are 
cracks in the so-called Iron Curtain. Perhaps ex- 
change of ideas at the technical level with scientists of 
the USSR may yet be possible. Possibly we may some- 
day have a Russian lecturer on an IAS program. Pos- 
sibly an IAS delegation may someday visit a Russian 
research laboratory. Who knows? SPJ. 


The 


origin and some of the consequences of aerodynamic heating are | 
discussed, with emphasis on calculation of the rate of transfer 
of heat from the air into the surface of a high-speed vehicle and 


on boundary-layer control by surface cooling. 


The Problem of Aerodynamic Heating 


SYMBOLS 


Variables and Parameters 


x,¥ = geometrical coordinates parallel and normal to a 
body surface with origin at leading edge or stagna- 
tion point 

u = velocity in x-direction 

by = local skin-friction coefficient 

GS = mean skin-friction coefficient 

h = heat-transfer coefficient, g,,/(7, — T,, 

p = fluid density 

m = coefficient of fluid viscosity 

k = coefficient of thermal conductivity, height of wire trip 

( = specific heat at constant pressure 

7 = ratio of specific heats at constant pressure and n 
stant volume 

i = absolute temperature 

Gu = heat transfer at the wall 

M = Mach Number 

r = recovery factor 

s = Reynolds analogy factor 

CHS = Stanton Number, h/psusc,p 

CH» = Stanton Number, 

Re,; = Reynolds Number, pgugx/ps 

Rep.,, = Reynolds Number, potoD/p 

Pr = Prandtl Number, c,u/k 

l = mixing length 

n = power in viscosity-temperature power law 

B = constant in v5 = 8x 

D = diameter 

= height of roughness 
= thickness of boundary layer 
‘9 = displacement thickness of boundary layer at position 
of wire trip 

u’ = root-mean-square of turbulence fluctuations 

Resry = transition Reynolds Number, p5 15 x7/us 

Res, = transition Reynolds Number on a smooth bod 

Subscripts 
6 = condition at outer edge of boundary layer 
w = condition at wall 
= conditions in undisturbed flow 

r = recovery 

r = transition 

0 = condition for smooth body or in tunnel supply 
chamber 

‘ = ratio to free-stream conditions 

ins = insulated plate 

Presented at the Aerodynamic Heating: Aerodynamic Aspects 

Session, National Summer Meeting, IAS, Los Angeles, June 


18-21, 1956. 
* Chief Scientist, Missile Development Division. 
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E. R. van Driest* 


North American Aviation, Inc. 


INTRODUCTION 


ERODYNAMIC HEATING is the heating of an object 
A as a result of the flow of air at high speed about 
that object. Friction between the fluid filaments while 
they stream along the body and compression at and 
near the stagnation regions of forward surfaces convert 
the kinetic energy of motion into heat within a thin 
layer of air which blankets the body. 
shown in Fig. 1. 


Such a region is 
The temperature of this layer in- 
creases with the square of the speed so that, already 
at a Mach Number of 3, the boundary-layer tempera- 
ture attains a value of about 600°F. Since this tem- 
perature is concentrated in the air at the surface of the 
aircraft, heat will flow readily from the boundary layer 
to the aircraft, the ease with which it flows increasing 
also with speed. Because of the increase of heat trans- 
fer with speed, it appears that a ‘‘thermal barrier’ 
exists much as it appeared in the past that a “‘sonic 
barrier’? existed. However, like the sonic (drag) bar- 
rier, which was eventually hurdled by informed design 
practices, it is believed that the thermal barrier can also 
be overcome by realistic and proper engineering design. 
The problems differ somewhat in that the drag barrier 
existed over a narrow band of Mach Number, whereas 
the thermal barrier does not occur over a limited range 
of Mach Number but rather tends to increase in severity 
as Mach Number is increased. In attempting to solve 
the thermal problem, the first question that arises is: 
What is the rate at which heat enters the surface of a 
high-speed vehicle? Subsequent questions are: Where 
What happens when the heat gets 
How can the designer live with it? 

The first question, which must be answered by the 
aerothermodynamicist, will be generally dealt with in 
this paper. The subsequent questions 
engaged by a host of engineers from the structures man 
through the detail designer. 


does the heat go? 
there? 


must be 


STATUS OF CALCULATION PROCEDURE FOR AERODYNAMIC 
HEATING 


The rate of heat transfer from a hot boundary layer to 
a cooler wall follows the modified Newtonian law 
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where 7’, is the recovery boundary-layer temperature, 7, 
the wall temperature, and / the heat-transfer coefficient. 
The boundary-layer temperature 7; is usually written 
in terms of a recovery factor r defined by 


T, = T3{1 + 7-[(y — 1)/2]M;7} (2) 
where 7; and A/; are the local stream temperature and 
Mach Number, respectively, at the outer edge of the 
boundary layer, and y the ratio of the specific heat at 
constant pressure c, to the specific heat at constant 
yolume c,. Furthermore, the heat-transfer coefficient 
h can be expressed in dimensionless form by 

= h ‘psll (3) 
which is called the Stanton Number. The Stanton 
Number is proportional to the local skin-friction coeffi- 
cient Cys in a modified Reynolds analogy form 


Cus = (1 's): (4) 


(Cy, '2) 


In Eq. (3), the symbols ps and u; are the density and 
velocity, respectively, just outside the boundary layer, 
and, in Eq. (4), the term s is called the Reynolds 
analogy factor. Eq. (1) may now be written as 


= 


Thus, according to Eq. (5), it is necessary to know 
the Stanton Number cys and the recovery factor 7 in 
order to compute the rate of heat transfer. Now r will 
vary from about 0.85 for laminar flow to about 0.88 for 
turbulent flow, so that the exact value will not make or 
break a design. The coefficient cy;, on the other hand, 
varies considerably from laminar to turbulent flow and 
furthermore, for turbulent flow, is a strong function of 
Mach Number. Also, the point of transition from 
laminar to turbulent flow is not yet predictable. 
Therefore, so long as Cy; is indefinite, it appears that 
the state of the art of heat-transfer calculation is rather 
shaky. Nevertheless, with certain assumptions, cal- 
culations can be made. Calculation of heat transfer 
with laminar flow is felt to be quite reliable, since the 
fundamental equations are amenable to mathematical 
solution. Calculation of heat transfer involving en- 
tirely turbulent flow is less reliable, because the physical 


SHOCK 
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Fic. 1. Hot region covering body at supersonic speed. 
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phenomenon is not well understood. Least reliable of 
all is the calculation of heat transfer in the transition 
range, since little is known about the location of the 
transition point. The state of knowledge in each of the 
above areas will now be discussed. 


FLAT PLATES 


Although pressure and temperature gradients along 
the surface of a body affect heat transfer appreciably, 
the primary constant-free-stream-velocity boundary 
layer with constant wall temperature will be discussed 
first. Later the heat transfer to blunt bodies will be 
described. 

The heat-transfer coefficient depends also upon 
whether the boundary layer is laminar, turbulent, or 
transitional. Since laminar-flow heating rates are 
significantly lower than turbulent rates, it is important 
to study the laminar results, owing to the possibility of 
maintaining laminar flow by suitable control. 


Laminar Flow 


As mentioned above, the two necessary items to be 
known for heat-transfer calculation are the recovery 
factor and the Stanton Number. 

Recovery Factor—In order to compute the recovery 
factor, it is necessary to solve the momentum and energy 
equations for the boundary layer simultaneously. This 
has been done carefully for completely variable proper- 
ties, such as density, viscosity, Prandtl Number, and 
specific heat.! Since the Prandtl Number (c,u/k) is 
the most important parameter influencing the recovery 
factor and since it varies strongly with temperature, it is 
indicated in Fig. 2 (cf. reference 1). Fig. 3 shows the 
theoretical results for recovery factor for a plate in free 
flight at zero angle of attack with 7; = 400°R. In the 
Figure the Prandtl Number Pr; = (cpu/k)s5, where k is 
the coefficient of thermal conductivity. Subscript zms 
denotes insulated-plate condition. It is first noted 
from the Figure that the recovery factor is not constant 
but rather a function of both Mach Number and heat 
transfer. This variation is due largely, although not 
entirely, to Prandtl Number variation within the 
boundary layer. Second, it is seen that the numerical 
spread of r is only from about 0.82 to about 0.85. And 
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1 
third, one notes that the quantity of Pr; 
that range within engineering accuracy and can be us¢ 


~ represents 


calculations. It is interesting to 


for most engineering 
note that Pr;'” is very closely equal tor only at .l/ 0 

When experimental work is conducted in a wind 
tunnel, the free-stream condition becomes cold, unless 
the air is heated. At any rate, during such experimen 
tation, one is usually operating at the lower temperature 
end of the scale for the various property variations 
For a wind tunnel with various degrees of heating, the 
exact recovery-factor calculations are plotted in Fig. 4, a 
numerical value of 0.85 again roughly representing the 
results. These calculations have been substantiated 
by experimental measurements at the Naval Ordnance 
Laboratory” and the Massachusetts Institute of Tech 
nology,* Apparently the recovery 
factor for laminar flow is well accounted for. 

Stanton Number 


as shown in Fig. 5. 


-As with the recovery factor, the 
Stanton Number can be computed exactly for laminar 
flow, including The results for 
flat plates in free flight and in heated wind tunnels ar¢ 
given in Figs. 6 and 7, respectively. 


variable properties. 


The curves of Fig 
7 represent only the insulated plate case. 
of the figures for the insulated plate case show that the 
effect of Mach Number is much smaller in the wind 
tunnel that in free flight, certainly at the lower tunnel 
supply temperatures. Thus, at supply temperatures 
around 100°F., one could hardly expect to see any 
effect of Mach Number on wind-tunnel heat-tr: 
data. 


Comparison 


unster 
as well as fair substantiation of 
S$ in which are plotted 
NOL heat-transfer data* corresponding to some of the 


This conclusion, 
the theory, is indicated in Fig. 
recovery-factor data in Fig. 5. 

As far as laminar flow is concerned, it appears that, 
for moderate supersonic speeds, the theory can be de- 
pended upon to yield accurate heat-transfer coefficients, 
in spite of the scatter of experimental data owing to the 
difficulty of measuring the generally low laminar-flow 
heat-transfer rates on flat plates. This conclusion fol- 
lows because the analysis is exact and the fluid proper 
ties are well known at moderate temperatures. 
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A pplication to Cones—The above results for flat plates 
can be applied to cones in axial flow by merely multi 


plying the flat-plate heat-transfer coefficient at the same 
local Mach Number, local Reynolds Number, and wall. 


to-local-free-stream temperature ratio by V 3. 
Turbulent Flow 


Until the day comes when the boundary layer can be 
controlled and held laminar, it will be necessary to live 
with a certain amount of turbulent flow. 


insurance, 


Indeed, for 
the designer should assume fully turbulent 
The bitter consequences of such an assumption 
will be seen later in Fig. 


flow. 
2? where it is seen that, for a 
Reynolds Number of 10° and moderate supersonic Mach 
Numbers, the turbulent heat-transfer coefficient 1s about 
10 times the laminar value. 

Recovery Factor—With turbulent flow, the energy 
equation (in terms of mean quantities) can still be 
integrated, and a general expression for recovery factor 
in terms of shear stress (to be obtained from the mo- 
mentum equation) derived.! * with turbu- 
lent flow, the momentum equation cannot be integrated 
for lack of complete knowledge of the turbulent mech- 
anism, and therefore simplifying assumptions concern- 
ing shear 


However, 


and velocity distribution must be made. 
Assuming a linear shear distribution with distance from 
the wall and dividing the viscous subregion into the 
laminar and transitional layers as von 


done,” 


Karman had 
one arrives at the following formula for recovery 
factor:! 


‘= Pr, (1 — Prr) E 5 Pr, |4 
J 


Pr 
In 6-In}| 1 + ( 
Prr 
In 6-In} 1 + i) (6) 
for 0.7 < Pry S 1. In this expression, Pr; and Pr; 


represent the laminar and turbulent Prandtl Numbers, 
respectively, and A is the mixing length proportionality 
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factor usually taken at 0.4. Although the expression 
was derived for incompressible flow, it can yield ap 
With laminar 
‘Ids 
the 
turbulent Prandtl Number are assumed independent 
of Reynolds Number in turbulent flow, it will be 
uniquely necessary that r = 0.88 and Pr; 
Hence, out of these assumptions comes also a numerical 
value for the turbulent Prandtl Number. 

Fig. 9 shows Eq. (6) for various values of P) 
with Pr; = 0.71. Also plotted in Fig. 9 are some ex- 
perimental data from the Ballistics Research Labora 
tory,’ M.I.T.,* and NACA.’ The independence of the 
recovery-factor data with Reynolds Number appears to 
be a good assumption, and the data fall close to the 
theoretical value of r = 0.88 corresponding to Prr = 
0.86. (0.71)' 
0.892 is a good approximation to Eq. (6) for P) 
0.86. 

Eq. (6) for recovery factor can be extended to com- 
pressible flow, approximately, when wall conditions are 
introduced in the friction coefficient. 


(i+? us) 


should be multiplied into c, wherever c; appears in 
Eq. (6), and then the compressible flow values of 
cy are used (see Fig. 13). It will then be found 
that the recovery factor is essentially independent 


proximate trends for compressible flow. 
flow, the recovery factor was independent of Reyn: 


Number. When the recovery factor as well as 


O.S6. 


but 


1/3 
It is seen that Squire’s Pr, = 


Thus the factor 
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friction coefficient for turbulent boundary layers on insulated 
flat plates. 


of Mach Number at least for moderate supersonic 
speeds, therefore justifying the use of the data in Fig. 9 
when the theory was plotted for 1J; = 0. This inde- 
pendence is indicated in Fig. 10 where Eq. (6) (with 
Pry = 0.86) is plotted vs. Mach Number for a flat plate 
in a wind tunnel at a Reynolds Number of 10’. Fig. 11 
shows the variation of recovery factor for a flat plate in 
free flight in the atmosphere. The stronger variation 
with Mach Number is due essentially to the stronger 
variation in laminar Prandtl Number in free flight than 
in the unheated tunnel. The laminar-flow 
recovery factors are shown in Figs. 10 and 11 for com- 
parison purposes. 


wind 


In conclusion, it appears that a recovery factor of 
0.90 is accurate enough for most engineering calculations 
assuming a turbulent boundary layer. 

Stanton Number—As mentioned above, it is not possi- 
ble to integrate the momentum equation for turbulent 
motion, and therefore other means must be utilized in 
order to include the role of the momentum law in the 
calculation of heat transfer. What is wanted from the 
momentum equation is the momentum defect, or, 
rather, the friction coefficient, for use in Eq. (4). Also, 
as seen from Eq. (4), it is necessary to compute the 
Reynolds analogy factor s, which, like the recovery fac- 
tor, will depend upon the friction. 

(a) Friction coefficient: A semianalytical method of 
obtaining the local friction coefficient for high-speed 
turbulent flow is through an extension of von Karman’s 
mixing-length incompressible-flow theory to take into 
account density and viscosity variation with tempera- 
ture. The result is! 4 
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0.41 logio (Rez,+C;,) f(n) logio(T, T;) (7) 
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where 


a = (2A? — B)/(B? + 442)!” 
B= B/(B? + 
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Fic. 13. Effect of Mach Number on mean skin-friction coeffi- 
cient for insulated surfaces in wind tunnels at Reynolds Numbers 
of approximately 107. 


A? = (? uy) (T,/Ts) 


/ 


and in which f(7) is a function of the exponent in the 
power viscosity law » = const.-7”. It will be found 
that f(m) depends upon the law assumed for mixing 
length /. Thus, when the Prandtl mixing length / = Ky 
isassumed, where y is the distance from the wall normal 
to the flow, then f(z) = (1/2) + n; and when the von 
Karman mixing length ] = K(du/dy)/(d?u/dy?) is as- 
sumed, then f(m) = n. 

There seems to be no really valid theoretical reason 
for favoring either assumption for mixing length. For 
T,/T; = 1, both assumptions lead to the same result. 
However, for T/T; ¥ 1, the above difference in f(m) ap- 
pears. Therefore, it seems that the choice of mixing- 
length law must be left to experiment. 

Fig. 12 shows a plot of the theory for local skin fric- 
tion on an insulated plate using the two choices of mix- 
ing-length law. The ordinate is the ratio of compressi- 
ble to incompressible friction. Also plotted are floating- 
element data of Coles* and Korkegi.? The data seem to 
fall between the two mixing-length choices. (Of course, 
it must be considered that probably too much is being 
expected of the mixing-length theory itself.) 

Another test of the theory can be made using average 
skin-friction data. The equation for the average fric- 
tion coefficient defined by 


1 x 
Cy, = [ Cy, dx 


(sin-! a + sin-! 8) = 


1/2 
ofy— 1 


logio(Rez, C;,) 


II 


B 


— f(n) logw(Tw/Ts) (8) 


For insulated plates, the ratio of compressible to in- 
compressible average friction is shown in Fig. 13. The 
directly measured mean data of Chapman and Kester” 
and the integrated local data of Coles* are also plotted in 
the Figure. It appears that these sets of data are not 
sufficiently consistent to allow a decision on the mixing- 
length law if the mixing-length theory is to be adhered 
to. More experiments are required, particularly at hy- 
personic Mach Numbers where the effects are greatest. 

A further check on the theory can be obtained from 
free-flight data. Under transient conditions of free 
flight, the wall-to-free-stream temperature ratio 7,,/T; 
is close to unity, whereupon the last term in Eq. (8) and 
the effect of f(m) disappears. For 7,,/T; = 1, the effect 
of f(m) would also disappear from Eq. (7). In Fig. 14 
is plotted the mean-friction theory of Eq. (8), assuming 
the similarity law for mixing length—i.e., f(m) = 1, 
where v is taken as 0.76. Also plotted in the Figure are 
free-flight total-friction-drag data of Sommer and 
Short.'! The theory and data appear to agree well for 
T,,./T; = 1. 

(b) Reynolds analogy factor: Fundamentally, the key 
to the rate of heat transfer within a substance is in the 
availability of energy to be transported and in the abil- 
ity of the substance to transport that energy. This is 
expressed by the Prandtl Number, which is a dimen- 
sionless grouping of the specific heat thermal conduc- 
tivity, and by viscosity—i.e., Pr = c,u/k. Thus the 
Prandtl Number should strongly influence the convec- 
tive heat-transfer processes. Indeed, the Prandtl Num- 
ber is embodied mainly in the Reynolds analogy factor s 
of Eq. (4), with the Prandtl Number having a small 
effect in turn upon the friction coefficient c,. 

As with the recovery factor, integration of the 
energy equation also yields a general expression for the 
Reynolds analogy factor." And then, again, when a 
linear shear distribution with distance from the wall is 
assumed and the boundary layer is divided into a 
laminar sublayer, a transitional layer, and a wholly 
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turbulent layer, one arrives at the formula! * 


Prr) 


Pr, ) | 5 \ | ] 
— | 

6 \Prr 4 
for 0.7 S Prr S 1. This formula reduces to the von 


Karman formula® when it is assumed that P) 


Also for Pr; Pry = 1, then s = 1, which gives the 
well-known Reynolds analogy formula—viz., 


Cyr 


Eq. (9) is presented as the solid line in Fig. 15, upon 
substitution of the turbulent Prandtl Number 0.86 {dé 
termined from Eq. 


Number 0.71. 


(6)] and a typical laminar Prandtl 
Also shown in the Figure are the formu 


lation?’ of von Karman ( Pry = 1) and the estimate of Col 
burn (s = Pr,” *). Thus, it is seen numerically( for the 
Sinaia example chosen where Pr, = 0.71) that 


while Colburn’s estimate is a good approximation to 
Eq. (9) with Pry = 0.86, von Karman’s formulation 
yields a result significantly higher. 

The effect of compressibility on s can also be esti 
The results are 
plotted in Figs. 16 and 17 for a flat plate in free flight 
and in a wind tunnel, respectively, 
Prandtl Number of Fig. 2 

The Stanton Number can now be computed using 
and 


Whence the calculated 


mated in the same manner as with 7. 


using the laminar 


Cu, = (1 'S)+(cy,/2), where s is taken from Fig. 15 


cy, is obtained from Eq. (7). 
Stanton Number can be compared with heat-transfer 
data with an eye to determine what mixing-length law 


should best be used. 
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layer on a flat plate in air as a function of Reynolds Number 
(Ms = 0). 
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Heat-transfer data obtained at M.I.T.! 
Mach Numbers of 2.0, 2.5, 


for supersonic 
3.0 are plotted Vs. 
Reynolds Number in Figs. 18, 19, and 20, respectively 


and 
Theoretical curves using s = 0.825 from Fig. 17 and the 
similarity law for mixing length [f(7) = 1] seem to fit 
When these data, as well as other data 
are plotted vs. Mach Number as in Fig. 21, an apparent 
favoring of data toward the similarity law is observable 

A discussion of heat transfer would not be complete 
without a comparison of the results for both laminar and 
turbulent flow. Fig. 22 gives the Stanton Number for 
an insulated flat plate in free flight. The laminar. 
flow curves are obtained from Fig. 6, and the turbulent. 
flow curves are from Eqs. (+) and 
0.825 and f(z) = n. It is significant to note that the 
turbulent heat transfer is of the order of 10 times the 


) assuming 5 = 


laminar heat transfer: 

An apparent difficulty in computing heat transfer js 
that the rate depends also upon the surface temperature 
often desired in the first place. Therefore, a tedious 
iteration process, discouraging to the engineer, must be 
resorted to. For engineering purposes, it is then con- 
venient to have the Stanton Number as a function of 
Reynolds Number, Mach Number, and wall-to-free- 
stream temperature ratio in the form of a nomograph. 
This has been done in Fig. 23 using s = 0.825 and in Eg. 
(7) with f(z) = n. Thus, not only is the basic equation 
solved for a given wall temperature, but the Stanton 
Number can be quickly adjusted for changing condi- 
tions. 

It is pointed out that the local and average values of 
the skin-friction coefficient are also determined in the 
nomograph of Fig. 23. Since these are based on the 
n| in Eqs. (7) and (8), 
formance engineer should proceed with caution in the 
light of the spread of data in Fig. 13. 
tion, 


similarity law [f(z) = the per- 
For drag calcula- 
it would appear safer to use the linear mixing- 
length assumption. 

The turbulent heat transfer on 
a flat plate will equal that on a cone in axial flow for the 
same local Mach Number 


A pplication to Cones 


and wall-to-local-free-stream 
temperature ratio, provided the heat-transfer coefficient 
on the plate is computed for a Reynolds Number of one 
half that on the cone. 


BLUNT BODIES 


Laminar Flow 


The above results for flat plates represented the re- 
sults for a boundary layer with constant external ve- 


locity. The solution for laminar flow was found to be of 


the form cu,V Rez, = fi(M;, T,,/T;, Prs), whence 
Qwptate = UsCp\ 
fi (10) 


\ 


In fact, for incompressible flow, 
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Fic. 18. Local heat-transfer coefficient for a turbulent boundary 
layer on a heated flat plate (Ws = 2.0 and Ty/Ts = 2.1). 
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fi = CusV Re:, = 0.332Pr 


in which Re,, = psltsX us. It thus follows that as the 


leading edge of the plate is approached—.e., (0—the 
This is a 
consequence of assuming the boundary layer thin in the 


heat-transfer rate becomes exceedingly large. 


first place, an assumption which is not true near the 
leading edge. However, regardless of the accuracy oi 
the theory, it is evident that the heat-transfer rate 
would be greatest at the leading edge of a plate or at the 
point of a cone. Now it is known that the heating rate 
at the stagnation point is finite. Hence, it appears 
proper to blunt leading edges or noses in order to relieve 
the heat-transfer rate at those locations. 

In the stagnation regions of cylinders and spheres, the 
heat-transfer problem can be solved exactly for incom 
pressible flow. However, with high-speed flow, the 
Neverthe 
less, approximate calculations can be made when it is 


problem is not amenable to exact solution. 


assumed that the flow behind the bow shock wave is 
incompressible. 

The formula for the laminar heat-transfer rate in an 
incompressible stagnation region is again found to be of 
the form 


fr 


Gwstag 
| Pall 


\ 


in which x is measured along the surface from the sta 


* P5lt 5Cp( ) 


nation point, and where f, depends also upon the fore 
body shape. For cylinders, '* 
fr = CH, V Rez, = 0.570 Pr~°° 3 
and for spheres," 
mp. —0.6 4 
fo = 0.763 Pr it 
Of course, for incompressible flow, p; = p., u 
wu, and 7, = 7; = T,. Now, unlike the flat plate 
where the velocity “; was constant along the outer edge 


LAMINAR 


OCTOBER, 1956 

of the boundary layer, in the stagnation region 1; varie 
with x along the surface. In fact, Eq. (12) with Eq 
(13) and (14) were derived using us = Bx, where 8 js 
constant. It turns out that for incompressible floy 
8 = 4u./D for cylinders and 3u,/D for spheres, wher 
the D’s are the respective diameters, and u ,, is the vel 
ity of the undisturbed stream. 


OC 


For supersonic flow whereby a shock wave stands } 
front of the body and forms a region of subsonic floy 
around the stagnation point, it is still found," froy 
measurement of pressure and calculation of velocity 
that u; = 8x, where @ is then a function only of the un 
disturbed Mach Number .\/, before the shock way, 
Hence, since p; and yu; are relatively constant in th 
subsonic region behind the shock, us; = 8x can be used j 
Eq. (12) with either Eq. (13) or (14), for both subsoni 


and supersonic flow. Thus 
fy 
Qustag = — 7 | 
\ Ms 
= fer Bp — 1) 


from which it is generally concluded that in subsonic as 
well as in supersonic flow, the heat-transfer rate is a 
constant independent of x in the immediate neighbor. 
hood of the stagnation point. As stated above, for in- 
1.€., M.. = 0, B = 4u,/D for the 
cylindrical edges of airfoils and 3u,/D for the tangent 


compressible flow 


spheres of axisymmetric noses. However, with super. 


sonic flow, a practical solution for 6 can be obtained 
when the Newtonian flow is assumed, whence 


u§{8 [(y — 1)M,? + 2] 
Di 


(16 


TURBULENT 


10% 5 10° 5 10° 


Heat-transfer coefficient as a function of Reynolds Number and Mach Number for an insulated flat plate in free flight. 
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Fic. 24. Local velocity gradient at the stagnation point 


hemisphere-cylinder combination. 


in which uw, is the velocity ahead of the shock wave 

It is seen from Eq. (15) that the calculation of the 
heating rate at the stagnation point depends upon the 
experimental verification of f. and 8. The validity of 
Eq. (16) is seen in Fig. 24 where experimental values of 
8 at the stagnation point of a hemispherical nose are 
plotted. A check on (cu, V is obtained in Fig 
25 which shows experimental heat-transfer data" 
around a hemispherical nose at 17, = 1.97. In spite of 
the scatter of the data, it appears that Eq. (14) corre- 
lates roughly with experiment in the vicinity of the 
stagnation point. Also plotted in Fig. 25 is a theoretical 
curve showing how Cu,V Rez, decreases as x increases 
according to Stine and Wanlass. 

As far as aerodynamic heating is concerned, it follows 
from Eqs. (15) and (16) that gusiag ~ 1 D'*. Hence, by 
increasing the diameter of tangent cylinder or sphere, 
one can decrease the heat-transfer rate at the stagnation 
point. 

Since in supersonic flow the temperature will begin to 
decrease at an increasing rate away from the stagnation 
region, ps; and y; will likewise decrease, and conse- 
quently, according to Eq. (15), Qwsigg Will also begin to 
fall away from its constant value near the stagnation 
point. Consequently, the heat transfer is a maximum 
at the stagnation point so long as laminar flow is as- 
sumed. 


Turbulent Flow 


The above discussion had to do with laminar flow. 
Indeed, it is expected that the flow at the stagnation 
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Fic. 25. Local heat-transfer data for a hemispherical nose 


(Me = 1.97). 
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point will be laminar, owing to the low Reynolds Num, 
bers there. However, it is possible for the flow to be. 
come unstable and eventually turbulent with increasing 
distance from the stagnation region. This possibility 
brings to mind the Prandtl-Eiffel experiments. It 
recalled that Eiffel’s drag data, obtained by dropping 
spheres from the Eiffel tower, showed the well-know 
drag-drop for critical sphere Reynolds Numbers aboy 
about 300,000. On the other hand, Prandtl’s wing. 
tunnel data did not show a drop. Prandtl explained the 
phenomenon on the assumption that the boundary 
layers on Eiffel’s spheres became turbulent before 
separation, whereas his (Prandtl’s) boundary layers re. 
mained Prandtl induced 
transition by means of a wire trip, whereupon his drag 
coefficients agreed with Eiffel’s. 


laminar. To prove this, 
In the present dis. 
cussion, however, drag is of no concern but, rather, the 
increase in heat transfer incurred by transition. 

A theoretical calculation for a turbulent boundary 
layer can be made when it is assumed that the velocity 
profile remains similar in the region of the stagnation 
point. Itis also assumed that the flow is fully turbulent 
in spite of the low Reynolds Numbers there; further. 
more, that the turbulence is generated in the boundary 
layer near the wall, being produced by either roughness 
or external disturbances which are amplified as they 
enter the boundary-layer region. 

For incompressible flow in the neighborhood of the 
stagnation point, the heat-transfer rate is then found to 


be given by” 
) 
Mé 


in which for cylinders 


q ’stag = 


fs = cu,(Rer,)”* = 0.040Pr-?” 18 
and for spheres 
fs = 0.042Pr—° (19 


It will be recalled that the flat-plate result, assuming 
a power law for velocity profile, is also of the form 


Quptate = Js — T, (20 
( M5 
where 
fs = 0.030Pr7 (21) 


Thus, as with laminar flow, the forms of the equa- 
tions are the same for flat plates or for stagnation re- 
gions. (For the stagnation region, u; = 6x, again. 
Also, as with laminar flow, the incompressible-flow re- 
sults of Eqs. (17-19) will be used for supersonic flow as 
well, provided the proper value of 8 is inserted. Thus, 
for incompressible flow, 8 = 4u.,,/D for cylinders and3 
u.,/D for spheres, whereas for supersonic flow 8 = 
(u./D)f(M,, 7). 

Substitution of u; = 8x into Eq. (17) gives 
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Hence, it follows that the turbulent heat-transfer rate 
increases with distance from the stagnation point. 
However, with supersonic flow, p;and yu; would gradually 
decrease so that the turbulent heating rate would 
eventually begin to fall, thus yielding a maximum some 
place along the surface. Again, the reader is reminded 
that the turbulent heating rate given by Eq. (22) could 
prevail only after the flow has become turbulent. 


General 


A direct indication of the heating rate in the neighbor- 
hood of a stagnation point is presented when the equa- 
tions [Eqs. (15) and (22)] are put in the following form 
(say for spheres) : 


Xs, p.. 


for laminar flow, and 


1/5 3/5 


for turbulent flow. Hence writing 


Qu, — Te) (25) 


ag 


then 


1/2 
Ms —0.6 
( ) Pr~°® (26) 

for laminar flow, and 


1/5 \ 4/5 
0.012 ( ) ( ) x 
p., 
1/5 \3/5 
( ( ) (97) 
D 
for turbulent flow. 


As stagnation point solutions, Eqs. (26) and (27) are 
plotted in Figs. 26-28 as asymptotes at x/D = 0 for 
M, = 3, Pr = 0.7, and Rep, = 10°, 10°, and 10’. The 
value of BD/u,, = 1.3 is taken from Fig. 24, and the 
tatios p/p, and u;/u,, are computed from stagnation 
conditions behind a normal shock. 

Since the form of the heat-transfer equations is the 
same for the stagnation point where us = @x as for a 
flat plate where u; = constant [cf. Eqs. (10) and 
(12), and (17) and (20)], it appears that a reason- 
able approximation of the heating rate over the en- 
tire face of a blunt body may be gained by substi- 
tuting the local value of 8 into Eqs. (26) and (27) 
and also by allowing the coefficient f to change with 


8 as well as with geometry. For the laminar case, 


the value of f was taken from the Stine and Wan- 
lass curve of Fig. 25—i.e., fo = Cu;\/ Rez; For the 
turbulent case, f was assumed to change linearly with 
8, the effect of geometry being negligible—i.e., changing 
only from 0.040 Pr? 3 to 0.042 Pr~?’? in going from 
cylinders to spheres. This type of calculation 1s carried 
out in Figs. 26-28 for a sphere for both laminar and tur- 
bulent flow—i.e., using Eqs. (26) and (27), respec- 
tively. The ratios p;/p,, u5/u., as well as 8, are com- 
puted from Newtonian pressure calculations and isen- 
tropic expansion from the stagnation point. Appar- 
ently, from Figs. 26-28, the maximum heat transfer 
would occur at about the 40-deg. angle if turbulence 
should set in, wit® the maximum turbulent rate increas- 
ing relative to the maximum laminar rate with increas- 
ing Reynolds Number. 

It should also be pointed out” that the turbulent 
shear stress increases as x‘) compared to the laminar 
Thus the shear will also be large at the 
maximum heating region at about 40-deg. angle. This 
is important from the aerodynamic-erosion standpoint. 


increase as X. 


ROUGH WALLS 


The above discussion had to do only with smooth 
walls. When the walls are rough, however, the rough- 
ness would have an influence not only on transition but 
also upon turbulent flow itself. The effect of roughness 
on transition will be illustrated in the next sections. 
However, the effect on local turbulent skin friction (and 
therefore heat transfer) is indicated by the following 


formula for flat plates: 

0.242 
= 


1.40 + ( (28) 
€ 


where ¢ is the plate roughness, and x is the distance from 
the plate leading edge. It is assumed in the derivation 
of Eq. (28) that the roughness protuberances are large 
enough to disrupt the viscous sublayer but not high 
enough to reach the sonic line. As with skin friction, 
the heating rates for rough plates should be significantly 
greater than for smooth plates. 


SWEAT AND FILM COOLING 

Even if the boundary layer was laminar at the stag- 
nation point, it appears from Figs. 26-28 that the heat- 
ing rate could still be excessive at extremely high speeds. 
Sweat or film cooling are means of insulation that are 
worthy of development. They would be particularly 
useful to shield the surface in the event of turbulent 
flow as is also seen in Figs. 26-28. In the latter connec- 
tion, it should be pointed out that blowing into the 
boundary layer is a destabilizing agent and therefore 
should be applied with this in mind. 


BOUNDARY-LAYER CONTROL AND TRANSITION 


Now that the extreme cases of laminar and turbulent 
heat transfer have been discussed with some detail, it is 


( — £3) (238) 
in| 
8D 1/2 1/2 1/2 
0.763 ( ) ( ) x 
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and Rep, = 105). 


‘ecessary to examine the important problem of whether 

or noi 1 boundary layer will be laminar or turbulent. 
This is the problem of transition. The answer to this 
question could make ur break an overall high-speed- 
aircraft design because the aerodynamic heating rates 
for turbulent flow can be 5 to 10 times greater than for 
laminar flow. While transition is important to the de- 
sign of such systems as the cruising winged supersonic 
aircraft, it is critical to the design of the hypersonic glide 
and ballistic rockets. 

It is definitely known that low-speed laminar bound- 
ary layers with constant external velocity (pressure 
are unstable at relatively low Reynolds Numbers of the 
order of 100,000 and that turbulence usually sets in at a 
Reynolds Number of about 3,000,000. High-speed 
boundary layers on insulated surfaces—i.e., no heat 
transier—do not fair much better. However, falling 
external pressure is a good stabilizing agent for -high- 
speed as well as low-speed flows, as in the case of the 
laminar flow airfoil which was purposely designed to de- 
lay transition by increasing the percentage of chord 
over which the pressure could fall. In fact, the word 
“favorable” has been applied to negative pressure 
gradients along the flow because such gradients tend to 
hold the boundary layer stable. Ordinarily the pres- 
sure gradients on high-speed aircraft wings and bodies 
are small owing to the flat or slender shapes necessary to 
decrease wave drag. However, at the noses of bodies 
and at the leading edges of wings where the heat-trans- 
fer rates are expected to be greatest, such as for glide 
and ballistic-type missiles, the falling pressure will be 
most welcome. The falling pressure works toward 
stabilization by filling out the velocity profile—i.e., by 
increasing the velocity near the surface so that the fluid 
cannot fold over on itself so easily. 
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Stabilization by Cooling 


Another effective method of boundary-layer contro} 
is to cool the laminar boundary layer at the surfacg 
This process is automatic under transient conditions of 
ascent (boosting) or descent (re-entry). However, fo; 
cruising aircraft, some forced method of heat absorp. 
tion, such as by fuel circulation within the aircraft, must 
be resorted to. Cooling promotes stabilization by filling 
out both the density and velocity profiles—i.e., increas. 
ing the momentum nearer the surface so that, as with the 
falling pressure gradient, the fluid cannot fold over oy 
itself so readily. Of course, the opposite effect of en. 
couraging transition would result from heating or from 
an adverse (positive) pressure gradient. 

Theoretical estimates can be made of the cooling rate 
required to stabilize laminar boundary layers at super- 
sonic speeds. As with incompressible flow where Ray. 
leigh and Tollmien showed that a criterion for insta. 
bility was that the velocity profile have a reversal—i.. 
0°u/Oy? = 0 anywhere in the boundary layer—the 
criterion for compressible flow’ is that the gradient 
of the angular momentum be zero somewhere in the 
outer part of the layer where 


M; 
( 
p = U0 
Oy Oy/ u/ug = 1-1/M5 


This is the so-called inviscid solution which is arrived at 
upon consideration of only the inertial and pressure forces 
to the neglect of the viscous forces. For the incompres- 
sible case with constant external velocity (the Blasius 
case), the boundary layer is always in impending insta- 
bility, according to the inviscid solution, because at the 
wall the curvature of the velocity profile is always zero. 
For incompressible flow near the stagnation point, where 
the pressure is favorable, the inviscid criterion indicates 
stability. For supersonic flow with constant external 
velocity, the inviscid criterion indicates instability when 
the flow is insulated—that is, when there is no heat trans- 
fer. It is then found that, as the boundary layer is 
cooled, the layer becomes more and more stable until ata 
given heat-transfer rate the boundary layer is completely 
stable. The wall-to-free-stream temperature ratio be- 
low which complete stability is possible is shown in Fig. 
29. In that Figure, three sets of curves are drawn, de- 
pending upon the Prandtl Number and viscosity law 
(which determine the shape of the density and velocity 
profiles) prevailing under the condition of motion 
chosen.” It is seen that a limiting Mach Number occurs 
in each case. A more exact (and complicated) analysis 
can be carried out which takes into consideration the 
viscous forces. For incompressible flow with any ex- 
ternal pressure variation, it is found that inclusion of 
the viscous forces in the analysis predicts stability at 
sufficiently low Reynolds Number so that there is a 
minimum critical Reynolds Number below which all 
disturbances damp out. Thus, a Blasius layer cam 
really be either stable or unstable, depending upon the 


speed—that is, it is not always in a condition of neutral 
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Fic. 31. Effect of surface cooling on transition Reynolds 


Number for several local Mach Numbers on a smooth 10-deg. 
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stability as indicated by the inviscid solution. In 
spite of a favorable pressure gradient such as near the 
stagnation point, a boundary layer is expected to be 
unstable at a sufficiently high Reynolds Number—al 
though at a greater Reynolds Number than for a 
Blasius layer owing to the added stabilizing effect of the 
falling pressure. Finally, for compressible flow, the in- 
clusion of the viscous effects requires a greater cooling 
rate to stabilize the flow. 
sonic flow that the boundary layer can be completely 


In fact, it is only in super- 
stabilized. The viscous solution for two-dimensional 
disturbances” is also shown in Fig. 29. 

It is important to notice in Fig. 29 that the cooling 
rates required to stabilize completely the boundary 
layer are within practical reach, certainly under transient 
conditions during which the wall-to-free-stream tem 
perature ratio remains low. Boosting trajectories should 
penetrate the stability loop from the left, whereas re 
entry trajectories should enter it from the right. 

Experiments have verified the theoretical prediction 
that cooling the boundary Jayer delays transition. Ina 
current research program*! conducted by North Ameri- 
can Aviation, a 20-in., 10-deg.-apex-angle cone is cooled 
internally by precooling gaseous nitrogen so that tem- 
perature ratios well below the stability loops of Fig. 29 
are obtained. Transition is then observed by means of 
magnified schlieren technique. Fig. 30 shows photo 
graphs of the boundary layer magnified 20 times normal 
to the flow. The testing was carried out at the Jet Pro 
pulsion Laboratory 12-in. Wind Tunnel. The local 
Mach Number was 3.65, and the Reynolds Number per 
inch was 0.50-10®. The top picture shows transition 
with no cooling; the next two show the successive delay 
of transition with increasing cooling. Fig. 31 gives 
transition data obtained from such photographs for local 
Mach Numbers 1.90, 2.70, and 3.56. In Figs. 30 and 31 
the cone was smooth and the turbulence was low. 

Figs. 30 and 31 indicate that transition can be de- 
layed by cooling when the surface is smooth and the 
tunnel turbulence low. However, for engineering pur- 
poses, it is necessary to determine whether transition 
can still be delayed by cooling in the presence of surface 
roughness and free-stream turbulence. Although the 
answer to this question is now classified, it can at least 
be said that the effects of both roughness and turbu 
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lence in promoting transition decreases as the Mach 
Number increases. This is well observed in Figs. 32 and 
33 where the ratio of the actual transition Reynold 
Number Re;, to the smooth-body low supply-chamber 
turbulence (0.4 per cent) Reynolds Number Re,, js 
plotted vs. intensity of turbulence in the tunnel supply 
chamber (u’/u)) and relative roughness (wire height } 
Only the 
The wires were 


to displacement thickness 6,*), respectively. 
data for zero heat transfer are shown. 
set at 3 in. from the cone vertex. Also shown in Fig. 33 
is the low-speed correlation developed by Dryden.” 

Free-flight data obtained by Fischer and Norris,’ 
Sternberg,** and Snodgrass” also seem to support the 
theory for smooth surfaces. 


EFFECT ON PERFORMANCE AND DESIGN OF WINGED 
HIGH-SPEED AIRCRAFT 


The delay of boundary-layer transition not only de. 
creases the aerodynamic-heating rates considerably but 
also increases the performance of winged high-speed air 
vehicles. It is spectacular how many benefits accrue 
Aside from the myriad of high-temperature problems 
(such as with fuel, oil, rubber, electronics) that are 
alleviated, the structural weights will decrease, and per- 
haps even stiffer structures could be used. And, oi 
course, for a given range and speed, the quantity of fuel 
would be less. There would, however, be plumbing 
problems because undoubtedly the fuel or coolant would 
have to be circulated within the missile and perhaps 
through annular surface structure. 

An example of the effect of delay of transition on per- 
formance is easily calculated. A futuristic commercial 
air liner designed to fly from coast to coast (say 3,000 
miles) at a supersonic Mach Number of perhaps 3 could 
very well have a zero-lift drag coefficient composed of 50 
per cent pressure drag and 50 per cent turbulent friction 
drag. If the boundary layer could be stabilized by cool- 
ing such that considerable laminar flow prevailed over 
the airplane surface, the skin-friction drag might be re- 
duced by as much as 50 per cent, which would reduce 
the Cp, by 25 percent. If other factors remain constant, 
the range of the airplane would vary proportionally to 
the square root of the ratio of Cp, with turbulent flow to 
that with laminar flow. In this illustration, the range 
would increase about 15 per cent—or 450 miles on the 
assumed transcontinental flight. 
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AREAS OF FUTURE RESEARCH 


In looking over the vast amount of recent effort to 
understand the mechanism of aerodynamic heating, one 
quickly concludes that, although many advances have 
peer made, there is still a lot to be learned before the en- 
sineer can be confident in his design. Most of the avail- 
able knowledge concerns the extreme cases of laminar 
and turbulent flows with zero or linear pressure gradi- 
ents. Also, some understanding is evident in the con- 
trol of transition. Certain areas of research in aerody- 
namic heating which must be explored further are- 

(1) Effects of surface roughness and free-stream tur- 
bulence on the control of transition by cooling at super- 
sonic flow for flat plates with cylindrical leading edges 
and for cones with spherical noses. 

(2) Study of (1) for hypersonic flow with realistic tem- 
perature behind the bow wave. 

(3) More definite data on turbulent heat transfer on 
flat plates. 

(4) Effect of roughness on turbulent heat transfer at 
ordinary supersonic flow. 

(5) Stability of boundary layers near the stagnation 
point. 

(6) Viscous flow solution at leading edges of plates 
and points of cones. 

(7) Heat transfer in separation areas such as before 
control surfaces and in wakes. 
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1n analylical solution in parametric form of the lift on a fired wing extending through a propeller 
slipstream, which is vaiid for all slipstream-velocily /forward-flight-velocily ratios, has been 
obtained, permitting the employment of optimization techniques which should appreciably advance 
our attack on the problems of low-speed flight. 


INTRODUCTION 


General Problem of Low-Speed Flight 


A REQUIREMENT for vertical take-off and landing 
has existed since the days of the Wright brothers. 
This requirement in recent years has received more 
emphasis because of the pressure toward dispersal 
caused by nuclear weapons. Also, the availability of 
turboprop engines of high power-to-weight ratios has 
broadened the areas of endeavor in which vertical op- 
erations are feasible. 

In most fields of endeavor, we learn to walk before 
we run. In the field of flight, however, we have gone 
at the problem the other way. We learned to go quite 
fast before we learned how to stand still. 

Of course, the operational use of an airplane is much 
greater when it is going some place fast rather than 
standing still. Aside from this operational emphasis, 
however, there are major technical problems and 
limitations on flight at the lower end of the speed range. 

Chief among these is the basic problem of providing 
sufficient lift at low speeds. The lift which sustains an 
airplane in flight is derived from the downward mo 
mentum imparted to the mass of air affected by the air 
plane. This lift varies with the mass of air affected and 
with the first power of the downwash velocity im- 
parted to it. The kinetic energy expended to produce 
this lift, however, also varies with the mass of air 
affected—but with the square of the downwash velocity 
imparted to it. Hence, it is more efficient to obtain the 
required lift by imparting a small downward velocity 
to a large mass of air than to impart a large downward 
velocity to a smaller mass of air. 
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The mass of air affected by the wing is, of course, 
proportional to the flight speed and so, in conventional 
fixed-wing configurations at zero forward speed, be. 
comes vanishingly small. Hence, the problem fu- 
damentally is one of providing an aerodynamic means 
to involve a large mass of air to which sufficient down- 
ward velocity is imparted to provide the required lift 
at low flight speeds. 


Fixed-Wing Configurations 


Operational Considerations—There are many reasons 
to approach the low-speed flight problem from the 
standpoint of reasonable modifications of conventional 
propeller-driven fixed-wing aircraft. Among these 
reasons are the obvious merits of retaining all the 
present desirable and highly developed characteristics 
of present conventional fixed-wing aircraft, such as 
efficiency and good flying qualities. Also, considera- 
tions of passenger comfort and cargo loading require 
that the fuselage be kept more or less horizontal at all 
times, which is an inherent characteristic of such 
conventional configurations. Furthermore, the great- 
est share by far of our experience and proved capabili- 
ties lies in the field of propeller-driven fixed-wing ait- 
craft. 

It is also useful to take the point of view that a verti- 
cal take-off and landing capability is but the ultimate 
limit of a short take-off and landing characteristic. 

From these standpoints, it would seem prudent to 
work steadily toward this low-speed goal from the ex- 
tensive foundation already in hard in conventional 
propeller-driven fixed-wing aircraft. Thus it appears 
reasonable to strive steadily toward the ultimate 
VTOL goal, taking advantage in the meantime of the 
not inconsiderable advantages of STOL characteristics. 
In fact, different requirements will, in the end, tilt the 
inevitable aircraft design compromise toward VTOL 
for certain applications and STOL for others. In line 
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with this reasoning, we will hereafter speak only of 
sTOL aircraft, which is then understood to include 
VTOL as a special case. 

The feasibility of this approach is by now well 
iustified by the many preliminary studies which indi- 
cate that this goal may eventually be attained in a 
practical manner by such an extension of propeller- 
driven fixed-wing aircraft. The question now is how 
best to proceed to reach this goal most effectively 
and efficiently. 

Technical Considerations—The lift obtained from a 
xed wing immersed in a propeller slipstream at zero 
forward speed is essentially due to the rotation of the 
propeller thrust vector. The lift obtained at finite low 
forward speeds is a more complex interaction of the 
wing flow and the superimposed propeller flow. The 
primary aerodynamic question is then one of de- 
termining the basic rules which govern both the magni- 
tude and distribution of this lift as a function of both 
the slipstream velocity ratio and the geometry of the 
wing-propeller arrangement. Once these rules are 
determined, preliminary design can readily evoke the 
optimum STOL characteristics compatible with other 
considerations. 

The important related problem of stability is, of 
course, solved at the same time with knowledge of 
where the lift acts. 


DISCUSSION 
Present State of Knowledge 


In order to conduct an effective and efficient attack 
on this problem, it is essential to know how the lift on a 
wing in a propeller slipstream varies as a function of the 
many design variables involved. This is the standard 
engineering approach that we use every day in the 
normal course of our work. 

At present, however, there is no theory which pre- 
dicts the lift obtained by a wing in a propeller slip- 
stream which is adequate for STOL configurations. 
An analytical treatment of this problem was given 
many years ago by Koning! based on lifting-line theory. 
The results of Koning’s analysis, because of his method 
of computation, are valid only for small increments of 
the slipstream velocity. Other early estimates?~‘ were 
based on semiempirical factors and gave satisfactory 
results within the speed-power range for which they 
were developed. However, the higher ratios of slip- 
stream velocities now available through more power- 
ful engines in STOL configurations require solutions 
valid at all slipstream velocities. The problem is no 
longer one of small influences due to the slipstream, 
lor in STOL configurations the slipstream velocity 
dominates the aircraft characteristics at low flight 
speeds. 

More recently, Graham, Lagerstrom, Licher, and 
Beane’ conducted a study of this problem for Douglas 
Aircraft Co., Inc., carrying out the computations de- 
tived by Koning’s lifting-line theory by more exact 
machine methods than were available in Koning’s 
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time. Graham also derived an independent solution 
to the problem based on slender-body theory. 

Unfortunately, there is a dearth of experimental 
data in the literature on wings in a propeller slipstream 
with which to compare these theories. However, there 
was one experimental program, conducted by Stuper® 
in Germany in 1938, which carefully measured the lift 
distribution for a wing extending through a propeller 
slipstream, and his experimental results have been 
used by those working in this field for comparison with 
theory. Stuper’s experimental results lie between the 
predictions given by Koning’s lifting-line theory and 
Graham’s slender-body theory, and the differences are 
large. 

In most cases of interest, the width of a propeller 
slipstream is of the same order as the chord of the wing 
immersed in it. With the aspect ratio of the im- 
mersed segment thus of the order of one, it would seem 
that lifting-surface theory would be required to describe 
properly the actual conditions. The fact that the 
available experimental data lie midway between the 
two limiting theories, lifting-line and slender-body, 
would appear to support this view. 


Dominate Effect of Geometry on Lift 


It is obvious that effective and efficient design of 
fixed-wing STOL aircraft requires a thorough knowledge 
of the magnitude and distribution of the lift on the 
wing immersed in the propeller slipstream and a com- 
plete picture of how that lift varies as a function of the 
many design parameters involved. 

As has been pointed out, at zero forward speed the 
mechanism of lift of a wing immersed in a propeller 
slipstream is essentially one of rotation of the thrust 
vector. It would be expected that lift would appear 
only on that portion of the wing within the slipstream 
diameter. Hence, if VTOL characteristics alone were 
dominating, the propellers should have the largest 
diameter possible and the wing geometry should be 
such that the entire wing is immersed in the propeller 
slipstream. 

At finite low forward speeds the mechanism of lift 
of a wing immersed in a propeller slipstream is a more 
complex interaction of the wing flow and the super- 
imposed propeller flow. The lift on that portion of the 
wing within the slipstream is appreciably less than that 
corresponding to an infinite flow field of the slipstream 
velocity. The lift on that portion of the wing outside 
the slipstream is appreciably greater than that cor- 
responding to an infinite flow field of the flight velocity. 
These differences between the actual lift and that indi- 
cated by the local velocity are large. Also, the appreci- 
able lift increment on that portion of the wing outside 
the slipstream extends outboard for several slipstream 
diameters. 

Thus, at finite low forward speeds there occurs an 
appreciable redistribution of the lift across the span. 
In particular, that portion of the wing beyond the slip- 
stream boundary carries a large portion of the lift in- 
crement due to the slipstream. 


44 AERONAUTICAL ENGINEERING REVIEW—OCTOBER, 1956 


Fic. 1. Airfoil spanning a circular jet 


The importance of knowing both the magnitude of 
the lift and its distribution across the span is ob 
vious. Such knowledge is required from many stand 
points, among which are structural, performance, and 
control considerations. 

It is suspected that the magnitude of the lift of a 
slipstream-immersed wing may be determined uniquely 
by only certain of the parameters—say the propeller 
parameters and the wing area—while other paranieters, 
such as the wing aspect ratio, may influence only the 
distribution of the lift and not its magnitude. How 
ever, any such hypothesis has yet to be established. 
If such were the case, compatibility between STOL 
characteristics and efficient cruise characteristics would 
be enhanced. 

In any event, it is clear that knowledge of both the 
magnitude and distribution of the lift as a function of 
slipstream velocity ratio and of all parameters in 
volving the wing-slipstream geometry is an essential 
part of the basic knowledge required for an effective 
attack on the problems of low-speed flight. 


ANALYTICAL SOLUTION 


An analytical solution of this problem has been ob 
tained. This solution is based on lifting-surface 
theory. The results obtained from it show good 
agreement with experiment. 

The mathematical analysis of this analytical solu- 
tion’ is being submitted to the JOURNAL OF THE AERO- 
NAUTICAL SCIENCES for publication. This complete 
analysis will include a detailed description of how the 
method may be applied to design. Accordingly, it is 
proposed here to present only a brief outline of the 
method of attack and then to illustrate in a general 
manner how the results can be employed in design. 


Basic Principles 


The fundamental problem to be solved, as illustrated 
in Fig. 1, is an airfoil spanning a circular jet. This 
physical model thus consists of a circular jet of velocity 


V; bounded by an infinite outer flow of velocity y 
The finite wing symmetrically extends complet, 
across the jet into the outer flow on both sides. 

In the analysis, the airfoil was replaced by a series 
finite horseshoe vortices. The case for such a vor 
inside or outside of the jet was then solved separate} 
These horseshoe vortices, illustrated in Fig. 2, we, 
represented in width parametrically so that combi; 
tions could later be superimposed to represent ap 
arbitrary wing-jet combination, such as is illustrat 
in Fig. 3. 

The boundary of the jet is a free surface. Th 
presence of differing velocities on its two sides gives rs 
to a vortex sheet on the boundary. This vortex she: 
has associated with it a flow system such that the 
quired conditions on pressure and continuity of th 
boundary are satisfied. 

Thus the requirements of the jet boundary determin 
the flow, aside from the singularities represented by th 
wing and its wake. Two conditions must be satisfie 
on the boundary. In a linearized small perturbatio; 
theory, these are: 

(1) The pressure of the inside flow (region j) mus 
at the boundary, equal the pressure of the outsid 
flow (region 0). Otherwise, the acceleration of th 
fluid would be infinite across the boundary. In term 
of the perturbation velocity v, whose axial aid radid 
components are u and u,, respectively, this conditio 
is written 


= 


(2) This boundary condition is one of continuit 
and states that the boundary must consist of stream 
lines—that is, the inside and outside flow must b 
tangent at the boundary. For a circular jet, thi 
tangency condition is expressed as 


Vour, = Vou, 


The perturbation flow v is composed of two parts 
that due to the wing and that due to the boundary 
The flow due to the wing, or to the system of horseshe 
vortices used to represent it, is known and may bk 
readily determined by the Biot Savart law. The 
essential problem, then, is to determine the flow due t 
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Fic. 2. Elementary horseshoe vortex 
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Frc. 3. Arrangement of wing-jet vortex pattern (with notation 
used to determine jet boundary downwash coefficients). 


the jet boundary. The sum of the two flows then 
constitutes the total perturbation flow. 

We note that the single elementary horseshoe vortex 
of strength I may be decomposed into two halves, one 
even (1) and one odd (2), each of strength ['/2, as 
illustrated in Fig. 4. These two systems are independ- 
ent and satisfy the boundary conditions independently. 

The physical significance of this decomposition of a 
horseshoe vortex into its even and odd parts with 
respect to the flow direction is quite clear. The even 
part is even in the sense that the downwash produced 
by it is the same in magnitude and direction at equal 
distances fore and aft of the lifting line. In fact, in 
this particular case, this downwash is constant with 
respect to the flow direction—that is, it is two dimen- 
sional—and it is this two-dimensional feature that 
makes the analysis of the even part quite simple, per- 
mitting the employment of the well-known image 
techniques. 

The odd part is odd in the sense that the downwash 
produced by it is the same in magnitude but opposite 
in direction at equal distances fore and aft of the lifting 
line. This component of the downwash is not constant 
with respect to the flow direction and so is three di- 
mensional, involving a more complex analysis which is 
nevertheless facilitated by the antisymmetry property 
described above. 

This decomposition of the vortex into its even and 
odd parts with respect to the flow direction thus facili- 
tates the solution of the problem. It should be noted 
that the odd part, being antisymmetric about the lifting 
line, of course, vanishes there. Hence, at the lifting 
line itself, the only contribution is that of the more 
easily determined even part. Thus, if the wing seg- 
ment in the jet could be adequately represented by a 
lifting line, the odd part could be disregarded. This 
simplification of the problem was the basis of the earlier 
solution by Koning! which is valid only to the degree 
that the segment of the wing in the jet may be approxi- 
mated by a lifting line. 

As was pointed out earlier, however, in most cases of 
interest for practical applications the aspect ratio of 
the wing segment immersed in a propeller slipstream 
is of the order of one, for which a lifting line is a very 
poor approximation. Hence, to obtain a valid repre- 
sentation of the flow, the downwash at points aft of 
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the lifting line must be determined, and this can be 
done only by obtaining a solution to the odd part as 
well. 

The present analysis therefore includes a determina- 
tion of the downwash due to both the even and odd 
parts of the horseshoe vortex. This derivation thus 
essentially determines the downwash anywhere in space 
due to the vortex sheet constituting the boundary of a 
slipstream through which there extends a wing. The 
physical nature of this problem was straightforward; 
the only difficulty lay in the mathematics of the three- 
dimensional odd part. 


Method of Analysis 


Briefly, the mathematical difficulty lay in the fact 
that the usual representation of the known perturba- 
tion flow of the horseshoe vortices used to represent 
the wing by the scalar form of the Biot Savart law 
leads to elliptic integrals which, because of further 
operations required, makes the analysis unwieldy. 
This difficulty was circumvented in the present analysis 
by using a vector form of the Bict Savart law which in 
turn permitted the use of convenient addition for- 
mulas that separated the variables, thereby achieving 
a representation of the known perturbation flow due 
to the wing in a form identical in several respects with 
that of the unknown perturbation flow due to the jet 
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further integrations and otherwise simplified the 


analysis. 


Assumptions Involved 


The above physical model, which was used as the 
basis for the solution described, necessarily contains 
several idealizations of the actual flow which were 
necessary in order to make the problem amenable to 
analytical treatment. 
tions were: 


The three principal assump 
(1) No rotation of the propeller flow. Such rotation 
in effect produces a change in the local effective angle of 
attack, which may require a final correction to the angle 
of attack for which the lift was predicted. 

(2) The velocity increment in the jet is a step func 
tion. The actual velocity, of course, varies across the 
jet although these variations should tend to equalize 
themselves downstream. 

(3) Linearized wing theory. This assumes that the 
perturbations in the flow due to the wing are small as 
compared to the uniform flow field. 

It should be emphasized that the physical model 
employed and the method of analysis used does not 
involve any linearization of the jet velocity ratio, and 
hence, within the limits of the three assumptions listed 
above, the results obtained are equally valid at all 
jet velocity ratios. 
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RESULTS 


The initial results of the present analysis are values 
of downwash at all points in space due to the jet bound. 
ary. These values of downwash may then be inserted 
into a suitable lifting-surface theory, such as that oj 
Weissinger,* to obtain the final results which are magni- 
tude and distribution of lift. 


Initial Results—Jet Boundary Downwash Coefficients 


The solution for the downwash coefficients was 
carried out in parametric form so that the expressions 
obtained may be used to determine the characteristics 
of any wing-jet geometry at any jet velocity ratio 
The expressions obtained appear as sums of infinite 
integrals. Fig. 6 illustrates these integral expressions 
for the downwash due to the odd part in coefficient 
form. Fig. 7 illustrates the algebraic expressions for 
the coefficients of the downwash due to the even part 
obtained from two-dimensional theory, which the odd 
expressions approach asymptotically at large distances 
from the lifting line of the wing. Fig. 8 contains a list of 
the notation used in these expressions. 

These expressions have been programmed for com- 
putation by IBM Type 701 Electronic Data Proe- 
essing Equipment. The computations have been 
carried out for one test case, and it is proposed to 
complete these computations for all values of the 
geometrical and jet velocity ratio parameters of in- 
terest in a set of tables for general use. In the mean- 
time, it is a simple matter to carry out the computa 
tions for any wing-jet combination at any particular 
jet velocity ratio by simply inserting the necessary 
values of the parameters into the IBM computer with 
the existing program. 

With the downwash due to the slipstream boundary 
thus determined at all points in space, the lift and 
other characteristics of the wing-jet combination may 
be determined by lifting-surface theory. As a verif- 
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Fic. 7. Jet boundary downwash coefficients, even system. Note: 


cation of the theoretical analysis of the problem, the 
IBM results for the downwash were employed in 
Weissinger’s lifting-surface method’ for comparison 
with the available experimental data of Stuper. 


Final Results—Magnitude and Distribution of Lift 


The comparison of the theory with Stuper’s ex- 
periment® is shown in Fig. 5. This figure also includes 
the other theories mentioned previously. 

Inside the jet, which is the region of greatest effect 
and hence of principal interest, this figure shows good 
agreement between the present theory and the ex- 
perimental data of Stuper. 

Outside the jet, there are two points to note regard- 
ing the experimental data. (1) Immediately beyond 
the jet boundary, a strong decrease in lift is observed, 
which is explained by Stuper as being due to the fric- 
tion boundary layer of the fan enclosure. (2) Further 
beyond the jet boundary, a large increase in lift is ob- 
served, which may be explained by the shroud over the 
fan extending two chord lengths upstream and provid- 
ing a solid boundary which is not present either in the 
theory or in practice. 

The lift predicted outside the jet by the present 
theory, on the other hand, appears reasonable, as it 
lies between the two limiting theories—lifting-line and 
slender-body—in much the same manner as inside the 
jet. Furthermore, it asymptotically dies out going 
outboard from the jet, which appears reasonable 
physically. 

Fig. 5 also illustrates the general redistribution of the 
lift indicated earlier in this paper. The lift increment 
in the jet is less than half of the value based on the local 
jet to free-stream velocity ratio. Yet the lift increment 
outside of the jet is appreciable for many jet radii out- 
board. 

It should be emphasized here that this test case is at 
a fairly low velocity ratio—namely, 1.36—and that the 
lift increment is not very large. It would not be un- 
reasonable to expect jet velocity ratios of the order of 
2 to 5 at take-off speed for STOL configurations, and, 
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of course, for VTOL the ratio is infinite. Hence, the 
low lift increments illustrated in the test case are not 
to be considered as representative in magnitude of 
those contemplated for low-speed flight; they were 
used in this test case simply to permit comparison 
with the only experimental data available in the 
literature. 


APPLICATION TO DESIGN 


The present analytical solution should be con- 
sidered as an initial basic step in the theoretical attack 
on this problem. This work is highly successful in 
that it produces results showing the dependence of the 
lift on the primary variables of slipstream velocity 
ratio and wing-slipstream geometry. 

The results described in this paper may be applied 
to design at the present time. The initial results— 
the jet boundary downwash coefficients—which are 
presented in Figs. 6 and 7 and which are already pro- 
grammed for IBM Type 701 equipment, will provide the 
values of downwash anywhere in space due to a given 
wing-slipstream configuration at all jet velocity ratios. 
These values may then be used with any lifting-surface 
theory, such as that of Weissinger, to determine both 
the magnitude and distribution of the lift for the con- 
figuration as a function of the slipstream to free-stream 
velocity ratio. This application is of value on con- 
figurations already frozen as a check on the structural, 
performance, and control analyses already made by 
other methods or assumptions. 

It should be noted that the initial results—the jet 
boundary downwash coefficients—may be of further 
benefit in providing values of downwash in the regions 


Yo = jet radius 

¢ = nondimensionalized rectangular coordinates, 
Y/Yo, 

s = semiwidth of horseshoe vortex 

b = wing span 

Vj; = jet velocity 

Vo = outer or free-stream velocity 

= Vo/V; 

r = circulation strength 

v = vector perturbation velocity 

u, v, W = rectangular perturbation velocities 

Ur = radial perturbation velocity 

I,K = modified Bessel functions 

p = summation index 

d = variable of integration 

6; ¢ = spanwise locations of horseshoe vortices, nondimen- 
sionalized with respect to jet radius r, 

n = number designating a particular horseshoe vortex 
starting from left wing tip 

v = number designating a particular downwash point, 
starting from left wing tip 

Gon = jet boundary downwash coefficient, the downwash at 


any point P, due to the mth horseshoe vortex 
Note: Gy, = (42s/T) wyn (&, 7) 
VI) tocat 
=F 
(1/2) pVo2c (1/2) p Vo2c 


Fic. 8. Notation. 
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further integrations and otherwise simplified the 
analysis. 


Assumptions Involved 


The above physical model, which was used as the 
basis for the solution described, necessarily contains 
several idealizations of the actual flow which were 
necessary in order to make the problem amenable to 
analytical treatment. The three principal assump 
tions were: 

(1) No rotation of the propeller flow. Such rotation 
in effect produces a change in the local effective angle of 
attack, which may require a final correction to the angle 
of attack for which the lift was predicted. 

(2) The velocity increment in the jet is a step func 
tion. The actual velocity, of course, varies across the 
jet although these variations should tend to equalize 
themselves downstream. 

(3) Linearized wing theory. This assumes that the 
perturbations in the flow due to the wing are small as 
compared to the uniform flow field. 

It should be emphasized that the physical model 
employed and the method of analysis used does not 
involve any linearization of the jet velocity ratio, and 
hence, within the limits of the three assumptions listed 
above, the results obtained are equally valid at all 
jet velocity ratios. 
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RESULTS 


The initial results of the present analysis are values 
of downwash at all points in space due to the jet bound- 
ary. These values of downwash may then be inserted 
into a suitable lifting-surface theory, such as that oi 
Weissinger,* to obtain the final results which are magni- 
tude and distribution of lift. 


Initial Results—Jet Boundary Downwash Coefficients 


The solution for the downwash coefficients was 
carried out in parametric form so that the expressions 
obtained may be used to determine the characteristics 
of any wing-jet geometry at any jet velocity ratio 
The expressions obtained appear as sums of infinite 
integrals. Fig. 6 illustrates these integral expressions 
for the downwash due to the odd part in coefficient 
form. Fig. 7 illustrates the algebraic expressions for 
the coefficients of the downwash due to the even part 
obtained from two-dimensional theory, which the odd 
expressions approach asymptotically at large distances 
from the lifting line of the wing. Fig. 8 contains a list of 
the notation used in these expressions. 

These expressions have been programmed for con- 
putation by IBM Type 701 Electronic Data Proc- 
essing Equipment. The computations have beet 
carried out for one test case, and it is proposed to 
complete these computations for all values of the 
geometrical and jet velocity ratio parameters of im 
terest in a set of tables for general use. In the mean- 
time, it is a simple matter to carry out the computa 
tions for any wing-jet combination at any particular 
jet velocity ratio by simply inserting the necessary 
values of the parameters into the IBM computer with 
the existing program. 

With the downwash due to the slipstream boundary 
thus determined at all points in space, the lift and 
other characteristics of the wing-jet combination may 
be determined by lifting-surface theory. As a verifi 
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cation of the theoretical analysis of the problem, the 
IBM results for the downwash were employed in 
Weissinger’s lifting-surface method’ for comparison 
with the available experimental data of Stuper. 


Final Results—Magnitude and Distribution of Lift 


The comparison of the theory with Stuper’s ex- 
periment® is shown in Fig. 5. This figure also includes 
the other theories mentioned previously. 

Inside the jet, which is the region of greatest effect 
and hence of principal interest, this figure shows good 
agreement between the present theory and the ex- 
perimental data of Stuper. 

Outside the jet, there are two points to note regard- 
ing the experimental data. (1) Immediately beyond 
the jet boundary, a strong decrease in lift is observed, 
which is explained by Stuper as being due to the fric- 
(2) Further 
beyond the jet boundary, a large increase in lift is ob- 
served, which may be explained by the shroud over the 
fan extending two chord lengths upstream and provid- 
ing a solid boundary which is not present either in the 
theory or in practice. 

The lift predicted outside the jet by the present 
theory, on the other hand, appears reasonable, as it 
lies between the two limiting theories—lifting-line and 
slender-body—in much the same manner as inside the 
jet. Furthermore, it asymptotically dies out going 
outboard from the jet, which appears reasonable 
physically. 

Fig. 5 also illustrates the general redistribution of the 
lift indicated earlier in this paper. The lift increment 
in the jet is less than half of the value based on the local 
jet to free-stream velocity ratio. Yet the lift increment 
outside of the jet is appreciable for many jet radii out- 
board. 


tion boundary layer of the fan enclosure. 


It should be emphasized here that this test case is at 
a fairly low velocity ratio—namely, 1.36—and that the 
lift increment is not very large. It would not be un- 
reasonable to expect jet velocity ratios of the order of 
2 to 5 at take-off speed for STOL configurations, and, 


of course, for VTOL the ratio is infinite. Hence, the 
low lift increments illustrated in the test case are not 
to be considered as representative in magnitude of 
those contemplated for low-speed flight; they were 
used in this test case simply to permit comparison 
with the only experimental data available in the 
literature. 


APPLICATION TO DESIGN 


The present analytical solution should be con- 
sidered as an initial basic step in the theoretical attack 
on this problem. This work is highly successful in 
that it produces results showing the dependence of the 
lift on the primary variables of slipstream velocity 
ratio and wing-slipstream geometry. 

The results described in this paper may be applied 
to design at the present time. The initial results— 
the jet boundary downwash coefficients—which are 
presented in Figs. 6 and 7 and which are already pro- 
grammed for IBM Type 701 equipment, will provide the 

values of downwash anywhere in space due to a given 
wing-slipstream configuration at all jet velocity ratios. 
These values may then be used with any lifting-surface 
theory, such as that of Weissinger, to determine both 
the magnitude and distribution of the lift for the con- 
figuration as a function of the slipstream to free-stream 
velocity ratio. This application is of value on con- 
figurations already frozen as a check on the structural, 
performance, and control analyses already made by 
other methods or assumptions. 

It should be noted that the initial results—the jet 
boundary downwash coefficients—may be of further 
benefit in providing values of downwash in the regions 


Yo = jet radius 

= nondimensionalized rectangular coordinates, x/ro, 
2/To 

s = semiwidth of horseshoe vortex 

b = wing span 

Vj; = jet velocity 

Vo = outer or free-stream velocity 

= Vo V; 

iy = circulation strength 

v = vector perturbation velocity 


u, v, W = rectangular perturbation velocities 


Ur = radial perturbation velocity 

I,K = modified Bessel functions 

p = summation index 

ny = variable of integration 

c,d = spanwise locations of horseshoe vortices, nondimen- 
sionalized with respect to jet radius 7, 

n = number designating a particular horseshoe vortex 
starting from left wing tip 

v = number designating a particular downwash point, 
starting from left wing tip 

Gon = jet boundary downwash coefficient, the downwash at 


any point P, due to the mth horseshoe vortex 
Note: Gyn = (4ms/T) won (é, 7) 
p( Vr) local 


(1/2) p Voc (1/2) p Vo2c 


Fic. 8. Notation. 
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of tail surfaces and may thus contribute toward the 
handling of the critical stability and control problems 
in STOL configurations. 


Three main assumptions employed in the develop 
ment of the present theory have been pointed out and 
briefly discussed. Although these are idealizations 
not actually realized in practice, their effects are in 
general felt to be secondary, and their use permits 
the achievement of a solution illustrating the pri 
mary effects. Nevertheless, in application to design, 
as with any theory, allowance must be made for these 
secondary effects, and, where possible, the values in- 
dicated by the theory should be checked by experiment 


The chief value of theory in design is that it substi 
tutes for the lack of any experimental data and indi 
cates how to modify existing data for one configura 
tion to a new configuration. 


An even more useful result of the present theory, 
however, and perhaps its chief contribution, is its 
utility in the selection of optimum configurations. 
The results described above can be applied at this time 
to a family of configurations in the neighborhood of a 
proposed arrangement. Design charts illustrating the 
trends of the magnitude and distribution of lift as a 
function of the parameters varied could then be pre- 
pared and their effects determined. This method is 
thus highly useful in the selection of optimum con 
figurations. 


A more powerful optimization method, however, 
would be to employ calculus of variations techniques to 
maximize the lift per unit wing area and per unit power 
This work has not yet been carried out but should be 
feasible now that an analytical solution of the lift 
problem has been obtained. 


It is contemplated that, if such a maximation pro 
gram could be accomplished, the results could be 
presented in the form of curves showing the variations 
of lift with each parameter, and thereby the individual 
contributions to the lift could be isolated and the maxi 
mum points obtained more readily. 


CONCLUSIONS 


This paper has presented a theory for the charag. 
teristics of a wing extending through a propeller slip. 
stream. The theory presented goes beyond previoys 
theories in that it is based on lifting-surface considera. 
tions and employs a method of analysis that is valiq 
at all jet velocity ratios. Thus, the formulation jg 
representative of the actual STOL problem, and the 
results obtained from it are shown to agree well with 
the experimental data. Hence the theory is felt to be 
adequate for design purposes. 

The theory predicts both the magnitude and dis. 
tribution of lift for any arbitrary combination of wing. 
slipstream geometry and at all ratios of the slipstream 
velocity to forward-flight velocity. 

The results are in a parametric form which is usefu! 
for design purposes at the present time and which js 
particularly useful for optimization of configurations as 
a function of general design parameters, such as wing 
loading and power loading. 
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Economics of Rocket-Propelled Airplanes—Part II" 


(IV) Direct FiyinGc Cost OF ROCKET AIRCRAFT 
(Continued ) 


D) Depreciation Costs 


The portion of the direct flying cost which is con- 
tributed by depreciation allowance may be computed 
ina manner similar to that used to compute the interest 
charges. Assume that the rocket airplane has a service 
life of 10,000 hours, and, as in the previous case, that 
the average cost of structural elements is 6,000 cents 
lb. The depreciation cost, cents per pound of struc- 
ture per hour of service life, is then 


6.000 10,000 = 0.6 cent/Ib. of structure ‘hour of 
service life 


It may be immediately concluded that the deprecia- 
tion costs (0.6 cent /Ib. /hour) are five times the interest 
costs (0.12 cent/Ib./hour). This ratio, 5/1, is fixed by 
the assumed interest rate, the assumed service life, and 
the assumed annual use (3,000 hours). 


Since these as- 
sumed numbers are fairly typical of contemporary air- 
line practice, it may be concluded that, in general, the 
depreciation costs are large compared to the interest 
costs. The interest costs are often ignored—or lumped 


with depreciation. 
E) Maintenance 


Maintenance, repairs, and ground handling costs in 
most contemporary air lines vary from 100 to 150 per 
cent of the depreciation costs, depending on the type of 
airplane and other factors. 
used in the study. 


A rate of 150 per cent was 


F) Labor Costs—Flight Personnel 


Since dead weight is at such a premium, it is probable 
that the number of crew members used on rocket air- 
craft will be kept to an absolute minimum. Assume 
for the moment that each airplane has a crew of two 
members, each of whom is paid at the rate of $100 per 


hour. Assume further that the average flight speed is 
* Part I appeared in the September issue of the REVIEW, pp. 
30-36, 71. 
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6,000 m.p.h., and the pay load is 10 tons. The labor 
cost is then only 1/3 cent/ton-mile. Since this cost 
is undoubtedly small compared with the other direct 
flying costs, it is highly possible that the pilots would 
be successful in a request for payment at the rate of 
$100 per hour! 

If a pilot is 20 Ibs. overweight (=0.01 ton) and rev- 
enue is at a rate of 6 cents/ton-mile, the air line is 
losing revenue at the rate of 


0.01 ton X 6,000 m.p.h. X 
0.08 cent/ton-mile = $3.60/hour 


On passenger-carrying flights, the rate will probably 
be several times as large. Thus the selection of a pilot 
weighing 120 lbs. could easily save the air line as much 
as $50/hour (per pilot) compared to the employment 
of a pilot weighing 200 lbs. 

In all cases, the salary cost of the flight personnel was 
assumed to be 0.3 cent/ton-mile. 


(G) Effect of Load Factor 


By “‘load factor’ is meant the ratio of actual pay 
load carried on a given flight to the maximum or design 
pay load which might have been carried. Thus, if 
only 50 seats of a 100-passenger airplane are filled, the 
load factor is 0.5. 

For contemporary airplanes, the gross direct flying 
costs of a given flight are relatively independent of the 
load factor. This follows from the fact that the only 
component of the direct flying cost affected by the 
load factor is the amount of fuel consumed. Even 
this factor is changed only a few per cent by relatively 
extreme changes in load factor. 

Consider an airplane in which the gross direct flying 
cost is independent of the load factor, Z. The unit 
direct flying cost, X, in cents per ton-mile, is then given 
as X = Xio/L, where Xj is the unit cost at unity 
load factor. Thus, at 0.5 load factor, the unit direct 
flying costs are doubled. 

An extremely different situation exists for the rocket- 
powered airplane. Here the major component of the 
gross direct cost of a given flight is the cost of the pro- 
pellants burned. If the load factor is less than 1.0 ona 
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given flight, the amount of propellant needed to reach 
the destined objective is reduced. These facts are 
shown graphically in Fig. 4-6. 


(H) Direct Flying Costs 


The value of the nonfuel components, minus labor 
costs, of the direct flying cost of a rocket airplane may 
now be tabulated as follows: 

Cost 


(cents/Ib. of 
structure /hour 


Item of service life 
Depreciation 0.6 
Interest 0.12 
Maintenance 0.9 
Taxes and insurance 0.1 

Total 


To aid in making meaningful comparisons, these costs 
should be converted to a “cents per ton-mile’’ basis. 
This can be done in the following manner: 

(1) The “‘Ib. of structure”’ is converted to “‘Ib. of pay 
load.”” Consider a rocket airplane making a 4,250-mile 
flight with a load factor of 0.8. The ratio between 
pounds of structure and pounds of pay-load capacity, 
for the flight conditions specified, can be determined 
from Fig. 4-5. Column A in Table 4-4 was thus 
determined. A new curve (corresponding to Fig. 
4-5) would have to be plotted for each flight range 
and each propellant performance. 

(2) The “‘Ib. of pay load’’ must be converted to ‘‘ton- 
miles/hour.’’ If the average flight speed is 5,000 
m.p.h., each pound of pay-load capacity can produce 
5,000/2,000 = 2.5 ton-miles of transporatation during 
each hour of service life. 


o 4a 


inf 
? 3 
| 
a 
3 Assumptions 
E 1. Range 4350 Miles 
2. Exit Velocity 9000 Ft/See 
7 3. Acceleration 
Losses 
0.9 
WA 


0.3 
0 +04 0.08 0.12 U.16 0.2 
Structural Factor 
Fic. 4-5. Ratio of structural weight to pay load for a rocket 


airplane. 


(3) Finally, in order to compute the nonfuel cost 
(minus labor costs) for the 0.80 load factor specified in 
the preceding paragraph, a factor of 1/0.8 is used. 

To summarize, column B of Table 4-4 is obtained by 
multiplying the cost of 1.72 cents /Ib. of structure /hoy 
of service life, by 

(a) Column A (to convert structural weight into pay 
load). 

(b) 2.5 (to convert “Ib. of pay load”’ capacity inty 
“‘ton-miles/hour”’ for each pound of pay-load capacity 

(c) 1/0.8 (the pay-load factor). 

The total direct flying cost of the rocket-propelled 
airplane may now be computed. The results are given 
in Table 4-5. The propellant costs for a load factor oj 
0.80 are computed in the manner described in Section 
IV (B), pp. 34-386, 71, of the September issue. 

It can be seen that, unless the unit cost of the propel. 
lant mixture is greatly reduced, the propellant cost will 
always be the dom:nant portion of the total direct flying 
cost. 


(V) CURRENT FREIGHT RATES 


In all of the following cases, an attempt was made to 
determine the rock-bottom shipping costs. Shipping 
only is quoted; pickup and delivery are extra. All 
prices were reduced to “‘cents/ton-mile.’’ 

In all available types of public transportation, the 
transportation cost depends upon the commodity being 
shipped. There is an understandable tendency to 
charge what the traffic will bear. For example, most 
American railroads require the shipper of an embalmed 
human body to buy first-class Pullman tickets regard- 
less of whether or not anyone uses the seats thus pro- 
vided. 


| 


Relative Fue] Consumption - Mass/Ton Mile (Actual Payload) 


) 0.2 0.4 0.6 0.8 1.0 
Ratio-Actual Load/Design Load 


Fic. 4-6. Effect of load factor on propellant consumption. 
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TABLE 4-4 
Structural Costs (See Text for Assumptions) 
el A B 
Weight Structure Cost 


Structural Factor Weight Load (cents/ton-mile ) 
0 


0.05 0.48 0.41 
0.10 1.40 1.20 
0.15 3.3 2.83 


0.20 7.0 6.0 


A) Air Freight 


Slick Airways, Inc., will transport material between 
Los Angeles and New York at a cost of less than 12.1 
cents/ton-mile. To qualify, a shipment must weigh 
over 10,000 Ibs. and meet the requirements of Com- 
modity Rates No. 16. American Airlines, Inc., will 
transport large shipments of personal effects at 12.3 
cents/ton-mile. 

The certificated air lines are able to carry substantial 
amounts of air cargo as supplements to scheduled pas- 
senger flights. Undoubtedly, Government subsidy 
helps reduce the cost of making such shipments. 

In addition, there are many conveniently situated 
refueling stops between Los Angeles and New York. 
Consequently, the amount of the airplane’s gross 
weight which must be devoted to fuel can be kept rela- 
tively small. The cost of long overwater shipments, 
where no convenient refueling points are available, 
is greater than quoted above. 


Transocean Air Lines will quote rates varying be- 
tween 40.2 and 41.6 cents/ton-mile for large shipments 
of household effects from Los Angeles to Honolulu, or 
Tokyo, or Sydney (Australia). Pan-American World 
Airways, Inc., quotes prices which are from 6 to 50 
per cent greater for the same shipments. 


B) Railroad Freight 


The Santa Fe railroad quotes a rate equivalent to 1.72 
cents/ton-mile for shipping rolled steel sheets from Los 
Angeles to New York. This rate applies to a minimum 
carload of 40,000 lbs. The shipment must be in an 
open car not over 53!/, ft. long. 


(C) Ocean Steamship 


The American Transcontinental Freight Service 
will ship (via Panama Canal) rolled steel sheets from 
Los Angeles to New York at a base rate of 0.78 cent/ 


ton-mile (based on the air-line distance). 


(VI) PASSENGER FARES 


The compilation of passenger fares given in Table 
6-1 is representative of current travel fares. It is seen 
that travel by air or by steamship costs about 5 cents 
per passenger-mile, or more. 

It has been air-line experience that the normal pas- 
senger, together with his baggage, averages about 200 
lbs., or one tenth of a ton. Therefore, 10 passenger- 
miles equal 1 ton-mile. As shown in other portions of 
this study, there are good reasons for believing that the 


rocket-powered airplane can be operated at costs of 
much less than 50 cents/ton-mile—i.e., less than 5 
cents/passenger-mile. It is therefore concluded that 
the rocket-powered airplane will be economically com- 
petitive with existing forms of passenger transportation. 


(VII) ProjEcTED Costs OF AIR TRANSPORTATION 


Any attempt to justify the rocket airplane on an 
economic basis should, in order to be prudent, be made 
in comparison with the cheapest competing form of air 
transportation. Accordingly, it is not enough to show 
that a rocket-propelled airplane can carry cargo more 
cheaply than existing aircraft. It must also be shown 
that the rocket airplane is competitive with the im- 
proved, but “‘conventional,’’ types of airplane which 
will undoubtedly have evolved by the time rocket air- 
planes have been developed into a practical reality. 
Accordingly, in this section, a projection will be made 
of the possible direct operating costs of ‘‘air-breathing”’ 
airplanes. 

It is not easy to predict the future cost of air travel. 
Instead, an attempt has been made to set lower bounds 
on the direct flying cost which may be achieved with 
several types of transport aircraft. 

It seems appropriate to examine current costs of air 
transportation. These costs are used as a basis for 
projecting future costs. Based on the actual load car- 
ried, the average direct operating expenses of all do- 
mestic trunk lines in the United States in 1953 was 25 
cents/ton-mile.? However, for the 12-month period 
ending June, 1953, The Flying Tiger Line, Inc., was 
able to attain a fotal operating expense of 13.09 cents/ 
ton-mile on all-cargo aircraft (C-46’s)." 

A possible direct operating cost as low as 7 cents/ 
ton-mile (100 per cent load factor) has been shown for 
the Lockheed 1049H airplane.'! This figure will be 
used as a reference for projecting possible future cost 
reductions. * 

The manner in which future direct flying costs were 
obtained is shown in Table 7-1. The Lockheed 1049H 
airplane, airplane A, was used as a reference standard. 
Column A lists a breakdown of the factors contributing 
to the total direct flying of this airplane. In columns 
B, C, and D, these factors are systematically altered. 
The objective in all three cases was to obtain the lowest 
possible direct flying costs. A load factor of 100 per 
cent was assumed in all cases. 


* Another projection appeared on page 14 of the April, 1955, 
issue of Aviation Age. 

“Lower turbojet operating costs were forecast by Sir Arnold 
Hall, Director of Britain’s Royal Establishment. He stated that 
high subsonic turbojet transports will have direct operating 
costs of 21 cents per long ton-nautical mile (16.2 cents/ton- 
mile), as against 41 cents (34.4 cents/ton-mile) at present. 
Assuming present operating costs, total costs will be 44'/. 
cents (34.4 cents/ton-mile) as compared to 66!/2 cents (51.5 
cents/ton-mile). 

“Sir Arnold favors use of Mach 2 air liner for the London-New 
York route. Plane would cruise at 45,000 to 55,000 ft. In the 
immediate future, he expects to see the straight-wing 500-m.p.h. 
turboprop, the 40-deg. swept 600 m.p.h. turbojet, or the 45-50- 
deg. swept delta transport in regular operation.” 
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TABLE 4-5 
Total Direct Flying Costs of a Rocket-Propelled Airplane 
(cents/ton-mile ) 
Assumptions 
Range 4,250 miles 


0.80 
26.1 per cent 


Load factor 
Acceleration allowance 


Propellants liquid oxygen and oil 
Structural factor 0.10 0.20 
Resultant direct flying costs 
Propellants 5.3 12.6 
Flight crew 0.3 0.3 
Everything else 1.5 7 
Total | 20.4 


It should be emphasized that airplane A is an existing 
airplane. Its performance characteristics are guaran- 
teed by the manufacturer. Airplanes B, C, and D are 
“paper” airplanes whose characteristics have been 
freely assigned so as to reduce direct flying costs. In 
all three cases, major technical advances must be made 
before these airplanes can be converted into practical 
realities. The magnitude of these difficulties should 
not be underestimated. They may equal or exceed 
the difficulties of developing a practical rocket-pro- 
pelled airplane. 

The alterations used to establish the characteristics 
of airplanes B, C, and D are as follows: 


Airplane B 


The effect of a 50 per cent reduction in the structural 
weight—i.e., empty weight—of the reference airplane 
is shown in column B. It is assumed that the mainte- 
nance, depreciation, and interest costs are directly pro- 
portional to the weight of the airplane. 

Even if it were assumed that the total or gross of 
maintenance, depreciation, and interests are unaffected, 
the pay load of the plane would, in principle, be more 
than doubled by the changed structural allowance. 
Consequently, the direct flying costs in cents per ton- 
mile still would be cut in half. 


Airplane C 


Column C shows the cumulative effects of the follow- 
ing changes from the reference airplane (airplane A 

(1) A 33!/3 per cent improvement in the lift drag 
ratio attained during flight. 

(2) A 50 per cent improvement in the thermal ef- 
ficiency of the propulsion system. 

(3) A reduction in the empty weight of the airplane 
from 73,000 to 51,500 Ibs. 

(4) A 50 per cent increase in the block-to-block flight 
speed. 

As before, it is assumed that maintenance, deprecia- 
tion, and interest costs are directly proportional to the 
weight of the airplane. 

It is believed that, taken individually, the foregoing 
improvements are not extreme. The lift/drag ratio 
may be improved by flying at higher altitude and im- 
proved aerodynamic boundary-layer control. The 
required improvements in the thermal efficiency of the 
propulsion system could be attained by using stoichio- 


metric mixture ratios in a simple turboprop engin 
cycle. Much of the required weight reduction could hy 
obtained in the propulsion system. Finally, aerogy. 
namic compressibility effects should not be severe at , 
flight speed only slightly in excess of 400 m.p.h 

Accordingly, the writer is willing to concede that ¢j. 
rect flying costs may be as low as 2 cents/ton-mile fo; 
future subsonic cargo aircraft when operated at 100 pe 
cent load factor. 

Unless rather drastic changes are made in the as. 
sumed component costs, such as reducing the uni 
cost of air-frame fabrication to a small fraction of jt 
present value, it is difficult to obtain projected costs 
which are appreciably less than 2 cents /ton-mile. 


Airplane D 


Flight at supersonic speed entails a penalty in lift 
drag ratio, and hence in the size and weight of the 
power plant and in fuel consumption. A somewhat 
optimistic set of figures for supersonic airplanes is given 
in column D, Table 7-1. 
airplane D are: 

(1) The lift/ drag ratio is half that of airplane A." 

(2) The power-plant efficiency is 50 per cent better 
than obtained in airplane A. The resultant range js 
therefore 0.5 X 1.5 = 0.75 that of the reference air 
plane. 

(3) The block-to-block flight speed (1,120 m.p.h. 
is four times that of the reference airplane—i.e., 
Mach 2. 

It is seen that, even with the above assumptions, the 


The assumptions made for 


about 


subsonic plane of column C is cheaper to operate than 
airplane D.* 


Nuclear-Powered Aircraft 


Some important conclusions concerning the economi- 
cal characteristics of nuclear-powered airplanes can be 
obtained from Table 7-1. 

Assume for the moment that the fuel cost of a 
nuclear-powered aircraft is zero. The remaining fac- 
tors contributing to the direct flying costs are the sala- 
ries of the flight personnel and the maintenance, depre- 
ciation, and interest costs. 

For brevity, the sum of the maintenance, deprecia- 
tion, and interest costs will be called structural costs. 
Aside from the fuel costs, the most important difference 
between the nuclear-powered airplane and the chemi- 
cally powered airplane would probably be the difference 
in the structural costs. 

Initially, there will be added expenses in operating a 
nuclear-powered The added complexities, 
the radiation hazards, and the inevitable ‘‘debugging’ 
period—which always accompanies a radically new de- 
velopment—will add to the operating costs. 


aircraft. 


Assume that all these obstacles have been overcome 
and that the structural costs per unit weight for the 
nuclear propulsion system are identical to those of the 
rest of the airplanes. The fact remains that the weight 


* See also ‘‘Profit,’’ Section VII (C), p. 55. 
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engine preakdown of the nuclear-powered airplane will be less B and D, especially D, are illustrative embodiments. 
nul be J worable than that of a chemically fueled airplane. As Applications in which the airplane has a high use fac- 
erod) :result, the structural costs per ton-mile of the nuclear- tor, such as military patrol service or television broad- 
© att wered airplane will be appreciably greater than those casting, * are examples of applications in which nuclear- 
pov J 
of its chemically fueled counterpart. One may there- powered airplanes have their best promise. 
that d; : 
fore expect the nuclear-powered airplane to be most 
mile fo, lore I I * Air-borne transmitters, flying at altitude, have been proposed 
100 re competitive in applications and embodiments that have as a method of increasing the receiver coverage of television 
ve Pet ahigh ratio of fuel costs to structural costs. Airplanes broadcast stations. 
the as- 
he Unt TABLE 6-1 
N OF tts Passenger Fares—1955 (Exclusive of Taxes) 
1 cost Rate 
le. Distance Scheduled Average (cents 
from L.A. Time Speed Fare passenger- 
Destination Name of Company (miles) (hours) (m.p.h.) (dollars) mile) 
Air 
in lift) | Tokv° 5.500 
. Ist class Pan American 29 190 650.00 11.8 
of the Coach 488 .00 8.8 
Bombay 8,620 
mewhat Ist class Pan American 71.7 120 1,033. 50 12.0 
1S given Coach 739 .00 8.6 
ide for Sydney 7,480 
Ist class Pan American 36 208 675.00 9.0 
Coach 540.00 7.2 
e Honolulu 2.530 
oc Ist class Pan American 10 253 168.00 6.6 
| better Coach 125.00 4.9 
inge is New York 2,470 
Ist class TWA 316 158.85 6.4 
nee air Coach 9.8 252 99.00 4.0 
San Francisco 340 : 
Ist class Western 204 22.05 6.5 
m.p.h. Coach is 186 13.05 4.0 
about Railroad 
New York 2,470 
Ist class (roomette 
ns. the on Super Chief) Santa Fe 58.5 42.2 161.32 6.5 
2nd class (lower 
te than berth) 70.2 35.2 142.22 5.8 
Coach 63.8 38.7 81.51 3.3 
San Francisco 340 
Coach Santa Fe 10 34 6.50 1.9 
Steamship (passenger ) 
Tokyo 5,520 
‘Onom!- Ist class American President 336 16.4 
Most expensive 1,495.00 27.4 
can be 4 
: Cheapest 510.00 9.2 
Sydney 7,560 
st of a Ist class Orient Lines (from 504 15 
Vancouver, 
ng fac- Bx.) 
1e sala- Most expensive 714.00 9.4 
Cheapest 560.00 7.4 
, depre- 2nd class (interme- 
diate or cabin) 
Most expensive 518.00 6.8 
*precia- Cheapest 406 .00 5.4 
costs 3rd class (tourist) 
Most expensive 364.00 4.8 
Terence Cheapest 272.00 3.6 
shemi- Hawaiian Islands 2,530 
— Ist class Matson (Lurline) 120 21 
Terence Most expensive 1,250.00 49.3 
Cheapest 145.00 5.7 
Steamship (freighter ) 
ating a Honolulu (6 days weekly ) Matson 2,530 144 17.5 200.00 7.9 
lexities, | Sydney Matson 7,480 504 14.8 449 00 6.0 
Soe New York Greyhound 2,470 80.2 30.8 56.70 2.3 
rew de- J Street car L.A. Transit Line 19.5 1.5-1.6 12.5 0.47 2.4 
(No. 5 car) 
ercome Baggage Allowances 
for the | Air: Domestic baggage allowance is 40 Ibs./passenger for both coach and first class. Tokyo, Sydney, and Bombay—66 Ibs 
> of the : for first class and 44 Ibs. for tourist. 
Saxe Railroad: Baggage limit is 150 Ibs. for all classes. 
weight Steamship : Baggage allowance is 350 lbs. on most lines, 25 cu.ft. on some. 
Bus: Weight limit on baggage is 150 Ibs. 
Veight. gg 
Street car: Unspecified; depends on strength of passenger. 
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TABLE 7-1 
Projected Direct Flying Costs of Transport Airplanes 


Airplanes 


Basic assumptionst 

Relative lift/drag ratio 1.0 1.0 L.33 

Relative engine efficiency 1.0 1.0 1.5 : 

Flight speed, m.p.h. 280) 280) 420 1.12 
Weights, kilopounds/airplane 

Structure 73 36.5 51.5 62 

Fuel 30 30) 15 

Pay load 34 ‘70.5 70.5 $5 

Total take-off weight 137 137 137 137 
Derived quantities 

Range, miles 2.200 2,200 2,200 1,4¢ 

Output, kiloton m.p.h 4.76 9.87 14.8 25.2 
Direct flying costs, dollars /hour 

M, D, and If 197 98.5 139 167.5 

Fuel** 113 113 85 601 

Salaries 40 40 10 

Total 350 251.5 264 809 

Unit direct flying costs 

Unit cost, cents/ton-mile 7.34 2.55 1.78 2 


* The characteristics of airplane A are based on informat 
kindly supplied by Robert Reedy of Lockheed Aircraft Cor] 
tion. Airplane A is believed to be representative of contemy] 
rary transport airplanes. 

7 A 100 per cent load factor is assumed in all cases 

t Maintenace, depreciation, and interest charges. 

** Fuel costs were assumed to be directly proportional to rate 
of consumption. 


(VIII) ConcLUDING REMARKS 


(A) Necessary Assumptions 


The economic performance of a rocket-propelled air- 
plane is largely determined by only three parameters 
the lift drag ratio, the structural factor, and the cost 
and performance of the rocket propellants. For most 
practical designs, the depreciation and maintenance 
costs of the airplane structure play a relatively minor 
role. 

It cannot be emphasized too strongly that the tech- 
nical possibilities of rocket-powered aircraft as discussed 
in this study are an extremely sensitive function of the 
performance parameters assumed. As seen in Fig. 5-1, 
the revenue-producing potential of the rocket-propelled 
airplane begins to be interesting only when 6 is less than 
0.20—i.e., only when the initial weight of each stage is 
more than five times its empty weight. 

The obtainable aerodynamic lift/drag ratio is also 
a key parameter. As shown in Eq. (1), p. 34 of the 
September Review, the range obtained by a given 
rocket-powered airplane during the momentum gliding 
portion of its flight is inversely proportional to the lift 
drag ratio. Thus the propellant costs, which consti- 
tute the major portion of the total direct flying costs, 
will be doubled if the lift/drag ratio obtained is 3, 
rather than 6, as assumed throughout this study. It 
should also be noted that Eq. (1) has a singularity 
when w* = Rg. In other words, the importance of high 
lift/drag decreases as the initial speed of the a’rplane 
approaches the satellite speed. 


(B) Operational Problems 


Several possible operational problems have not been 
discussed. For example: 


(1) Aerodynamic Heating—Phenomena associate; 
with aerodynamic heating have been extensively js 
cussed in the literature. The writer is convinced that 
by careful design, the external surfaces of the rock 
airplane can be made to radiate heat off into space at, 
rate equal to the influx caused by aerodynamic heating 

(2) Werghtlessness—A _ second possible operations] 
problem is the exposure to abnormal acceleration fields 
to which the passengers and cargo of a rocket airplarg 
are subjected. The physiological and psychological 
effects of strong, supranormal acceleration fields oy 
human beings have been studied extensively and ar 
well known. The acceleration portions of the flight oj 
the rocket airplane can be programmed in a manner 
which will not unduly tax human passengers. However 
during the gliding portion of the flight, the rocket air. 
plane and its occupants will be exposed to a gravita. 
tional field of less than lg. The possible effects op 
human beings of prolonged exposure to an acceleration. 
free environment—i.e., weightlessness—are not known 
However, even at ranges of 6,000 miles, the net accelera- 
tion on the passengers during gliding flight is always 
well over 0.5g. It is believed that most of the psycho. 
logical and physiological problems of weight'essness 
would be unimportant under these conditions. 

(3) Guidance—The piloting and navigation require. 
ments of a long-range rocket airplane are very different 
from those of current transports. The magnitude of 
the initial accelerations must be accurately monitored 
Mid-flight fixes must be made at high speed. It is 
almost certain that high-speed electronic computers 
will be used and that guidance will be largely auto- 
matic. 
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(C) Profit 


(1) Benefits of High Flight Speed 
an airplane would presumably like to maximize the 
return on his invested capital. 


The operator of 


In this study, attention 
has been focused on estimated direct flying cost. 

The total annual 
revenue produced from the operation of a given airplane 
is directly proportional to the ton-miles moved and 
Since 
arocket airplane may be expected to fly from two to ten 
times as fast as any air-breathing competitor, it should 


The flight speed is also important. 


hence is directly proportional to the flight speed. 


be expected that the annual profit per dollar invested in 
an airplane will, in many cases, be greater for a rocket- 
powered airplane than for an air-breathing airplane, 
even though the profit per ton-mile is less.* These 
facts are illustrated in Table 8-1. 

(2) Profit Comparison—The increased rate of profit 
which ensues from increased flight speed is shown also 
by Fig. 8-1. The assumptions used in computing Fig. 
8-1 are as follows: 

(a) For both airplanes: For both the rocket and 
the conventional air-breathing airplane, it is assumed 
that revenue is received at the rate of 20 cents/ton- 
mile and that the indirect flying costs are 5 cents/ton- 
mile: that the load factor is 0.60; and that the structural 
costs—1.e., interest 
costs—are directly proportional to the weight of the 


maintenance, depreciation, and 


structure. The rocket airplane was assumed to cost 

* Optimizing flight speed: It will be found that the profit rate 
obtained with rocket airplanes can be increased if spoilers are 
used to decelerate the airplane during the terminal time-consum- 
ing portions of the gliding flight. In this way, the average flight 
speed of the rocket airplane can be substantially increased, at the 
expense of a slightly increased propellant consumption. This 
feature is exactly analogous to that obtained in the operation of 
subsonic transport airplanes. Maximum profit is obtained by 
operation at a flight speed substantially in excess of that at which 
maximum range (or minimum fuel consumption) is obtained. 
The increased rate at which revenue is produced (more ton-miles 
per hour) more than compensates for the added cost incurred by 
the increased fuel consumption. 


$60/1b. of empty weight, and the air-breathing air- 
plane was assumed to cost $25/lb. of empty weight. 
(b) For rocket airplanes: 


3,000 miles 
10,000 ft./sec. 
0.877 cent/Ib. 
26.1 per cent 
Lift/drag ratio 6.0 
Structural and other costs 


Range 

Average exhaust velocity 
Cost of propellant mixture 
Acceleration allowance 


Computed as in Section IV 


(c) For air-breathing airplanes: The properties of 
the air-breathing airplane (‘Improved Turboprop Air- 
plane”’ of Fig. 8-1) are identical to those of airplane A, 
Table 7-1, except that the weight of the structural parts 
is reduced and the operating costs have been adjusted 
to a load factor of 0.60. 


(D) Comments 


In the opinion of the writer, it is much easier to ob- 
tain a structural factor of 0.20 in a rocket airplane than 
in an air-breathing airplane. The prospects of attain- 
ing a practical, conventional airplane whose ratio of 
empty weight to initial gross weight (ordinates of the 
graph, Fig. 8-1) is appreciably less than 0.30 are be- 
It was for this reason that the 
“Improved Turboprop Airplane’ curve in Fig. 8-1 
was dotted at the left-hand end. 

The situation is very different in the case of a rocket 


lieved to be minuscule. 


airplane. The weight of the propulsion engines is 
almost trivial. Heavy wings are not required to obtain 
adequate aerodynamic properties. There is every 
reason to believe that the structural factors of less than 
0.20 can be obtained. 

It is concluded that, under the iterated conditions, 
the rocket-propelled airplane can be made to yield 
profit at a rate which is substantially greater than that 
obtainable with any competing subsonic airplane. 

Computations may be performed, using other initial 
assumptions. The assumed revenue rate can be re- 
duced. Comparisons can be made between the rocket 
airplane and airplane D (or airplane C) instead of with 


TABLE 8-1 
Net Profit Rates 


Assumptions 


Revenue is produced at the rate of 10 cents/ton-mile and indirect flying costs are 3 cents/ton-mile. 
Direct flying costs of air-breathing airplanes are given in Table 7-1. 


Rocket airplane has a design range of 3,000 miles and is identical with Case A of Table 4-3 except that an 


velocity of 10,000 ft./sec. was assumed. 


Results 
Properties A 
Load factor 1.0 
Flight speed, miles/hour 280 
Total direct flying cost, cents/ton-mile 7.34 
Burden, cents/ton-mile 3.0 
Total operating costs, cents/ton-mile 10.34 
Net profit, cents/ton-mile (0.34) 
(loss) 


Net hourly output, ton-miles/kip of airplane 
structure* 65 
Net hourly profit, dollars/hour of operation/kip 
of airplane structure (2.21) 
(loss) 


average effective exhaust 


Airplane— 
B D Rocket 
1.0 1.0 EO 0.6 
280 420 1,120 5,000 
2.55 1.78 3.21 5.37 
3.0 3.0 3.0 3.0 
5.55 4.78 6.21 8.37 
4.45 5.22 3.79 1.63 
270 287 406 1,485 
12.01 15.00 15.40 24.20 


* One kip = 1,000 Ibs. 


<= 
| 
0.60 
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airplane B. In almost every case, it will be found that 
the results of such computations do not change the 
major conclusion reached in this study—namely, that 
the rocket-propelled airplane can be an economical 
form of long-range, terrestrial transportation. 


APPENDIX 1 


FUEL Costs 


The information which follows has been added to 
help substantiate the fuel costs assumed in the study. 


Oil 
Crude oil brings about $2.00 per barrel in the United 
States. A barrel contains 42 gal.* 


ranges from 0.7 to 1.0g/cm.’. 
accordingly, 0.6 to 0.8 cent/Ib. 


The density of oil 
Cost of the crude oil is 


Richfield and Shell will deliver diesel fuel at 12 cents 
ral. if purchased in tank car lots. Standard of Cali- 
fornia charges 13 cents/gal., f.o.b., El Segundo, Calif. 
Specific gravity is above 0.86. Cost per pound is 
therefore, 1.68 cents. 

Diesel fuel is a higher quality fuel than needed for 
rocket applications. For example, Standard supplies 
a distillate fuel oil at 4.76 cents/gal. (about 0.7 cent 
Ib.), f.o.b., El Segundo. This price is as cheap as the 
crude oil from which it is obtained. 

The oil price assumed in this study, 2 cents/lb., may 
seem unduly conservative. 
has been advancing steadily for the past two decades. 
There is every reason to believe that it will continue so 
in the future. 


However, the price of oil 


Hydrogen 


Methane (CH,) contains 25 per cent hydrogen by 
weight. Natural gas, as sold for heating and illuminat- 
ing purposes, contains more than 90 per cent methane. 
The wholesale price of methane in California currently 
runs about 18 cents per 1,000/ft.*. Since 1,000 cu.ft. 
of natural gas contains 10 lbs. of hydrogen, the cost of 
the contained hydrogen is 2 cents/lb. To this cost 
must be added the cost of chemically separating the 
hydrogen from the native methane and, for use in rock- 
ets, the cost of liquefying the gas. As shown in refer- 
ence 5, the cost of liquefying hydrogen is at least | 
cent/Ib. In addition, the cost of natural gas has been 
steadily increasing. In view of these facts, the assumed 
8 cents/Ib. does not appear to be unduly conservative. 


APPENDIX 2 


Cost OF PLACING MATERIAL IN A SATELLITE ORBI1 


The methods described in this study may be used to 
compute the cost of placing material in a satellite 
orbit about the earth. Two numerical examples 
follow: 


* 1 gal. = 231 in.? 
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Assumptions 

Case Case 

\ B 

Structural factor 0.10 0.10 
Effective exhaust velocity, ft./sec. 11,000 10.009 
Required acceleration (total), ft./sec 27,000 27.000 
Acceleration allowance, ft./sec 3,000 3.000 
Cost of propellant mixture, cents, Ib 0.8 0.8 
Cost of structural parts, dollars/Ib. 60 60 
Service life of vehicle, hours 10,000 10,000 
Time required for each trip, hours { { 
Ratio (cost of repairs and maintenance) 

(depreciation cost) 0.71 0.7] 
Number of stages 2 
Results 
Ratio of take-off weight to pay load $1.1 66 
Ratio of total propellant weight to pay load 35.4 57 . 
Cost of propellants/Ib. pay load, cents/Ib. 28.4 17_() 
Weight of structure/weight pay load 1.7 7 
Maintenance, interest, depreciation, and re- 

pairs of structure, cents/Ib. pay load 19.7 31.0 
Total cost of placing 1 Jb. in satellite orbit, 

cents 18. ] 78.0) 


APPENDIX 3 
PROPERTIES OF NUCLEAR-POWERED ROCKET AIRPLANES 
Introduction 


The properties and cost of nuclear propul: .on are dis- 
It has been assuined that all 
problems associated with nuclear shielding, heat trans- 


cussed in this appendix. 


fer, and chemical reactions at elevated temperatures 
have been solved. 
The most simple type of rocket-utilizing nuclear 
energy is one in which a working fluid is pumped 
through a heat exchanger and into an expanding nozzle. 
A nuclear reactor (or pile) serves as the source of | eat 
After being heated, the work- 
ing fluid expands in the nozzle and is ejected at high 


for the heat exchanger. 
velocity. 


Selection of Working Fluids 


Clearly, many desirable properties may be listed for 
the propellant used for the working fluid. 
cal, chemical, and nuclear characteristics of the work- 
For the purposes of this 
study, however, it can be shown by simple arguments 
that the most important single characteristic of a work- 
ing fluid to be used in a commercial nuclear-powered 
rocket airplane is its cost. Thus, since the oil-oxygen 
chemical propellant mixture costs less than 1 cent/Ib., 
the cost of the working fluid used in the nuclear-powered 


The physi- 


ing fluid are important. 


In making this 
assertion, it is tacitly assumed that the exit velocity ol 
the gas in both the chemical and the nuclear cases is 
comparable. 


aircraft should not exceed this figure. 


As will be shown later,:this is indeed the 
case. 
Water 


Consider water as a working fluid. In order to have 
an exit velocity of 9,000 ft./sec., as was assumed for the 
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ECONOMICS OF ROCKET 


TABLE A 


Assumptions 
Effective exit velocity = 18,000 ft./sec 


(Empty weight)/(Full weight) stage 1 = 0.15 
Acceleration allowance = 26.1 per cent 
Initial Propellant 
Velocity Range Consumption No. of 
(kilo. ft. /sec. ) (iniles ) (Ibs. /ton-mile ) Stages 
z 825 2.06 1 
12 2,880 1.33 1 
16 5,740 1.25 1 
20 10,820 1.06 2 


oil-liquid oxygen rocket drive, the water must be 
heated to a temperature in excess of 3,000°F. before 
expansion in the nozzle. 

It is true that the necessary heat content, 1,600 
B.t.u./lb., can be obtained at temperatures less than 
1,600°F. However, any attempt to obtain a complete 
conversion of this thermal energy to kinetic energy by 
means of expansion in the nozzle, will not succeed. 
The latent heat of vaporization of water is about 1,000 
B.t.u./Ib. This energy can be realized only by con- 
densing the gaseous water into a liquid. There is a 
large body of experimental evidence which shows that 
this conversion cannot be obtained effectively in a noz- 
ae. A similar type of two-phase flow, using solid 
aluminum oxide, or magnesium oxide, mixed with 
gaseous hydrocarbons, has been suggested by Sanger. 

Some experiments with saturated steam might be 
worth while. The design and development of a light 
weight heat exchanger which will heat steam to more 
than 3,000°F. is, in the writer's opinion, not a simple 
task. At this temperature, steam will react chemically 
with most refractory materials. It is concluded, there- 
fore, that it will probably be technically difficult to 
develop an exit velocity of 9,000 ft./sec. using steam 
heated by a nuclear reactor. 

An alternative approach might be the development 
of a catalyst which will accelerate the dissociation of 
superheated steam into its component elements, 
thereby decreasing the net molecular weight and in- 
creasing the resultant exit velocity, with the pressure 
ratio across the nozzle remaining constant. The 
writer has not qualified himself to comment on the 
feasibility of such a proposal. 


Effect of Decreased Exit Velocity 


To avoid the development difficulties associated with 
high-temperature heat exchangers, it may be appro- 
priate to consider the following gambit By expanding 
steam isentropically from 4,000 psia and 1,600°F. to 
a pressure of 0.2 psia, an exit velocity of 6,900 ft. /sec. 
could be obtained. 

Under most conditions, the gross weight of a rocket 
airplane would be increased by a factor between two 
and three if the exit velocity were decreased 9,000 ft./ 
sec. to 6,900 ft./sec. If it is assumed that the cost of 
the water is trivial, the direct flying cost of the larger 
airplane will consist of only the nonpropellant compo- 
nents of the total direct flying cost. If these non- 
propellant costs are evaluated for the nuclear-powered 
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rocket airplane in the same way as in the chemical- 
powered rocket airplane, it will be found that the direct 
flying cost is still on the order of 4+ cents/ton-mile. A 
structural factor of 0.12 was assumed. 

A direct flying cost of 4 cents, ton-mile is enticingly 
small However, the problems and weight penalties 
of the required nuclear shielding must be solved in de- 
tail before a fair comparison can be made. 


Combined Nuclear and Chemical Propulsion 


A possible method of combining chemical and nuclear 
propulsion is to use the nuclear rocket for the booster 
stage and use the chemical rocket for the cargo-carrying 
stage. In these circumstances, it will sometimes be 
found that the total direct flying cost is less than in 
either a pure nuclear- or a pure chemical-propelled 
rocket. 

By using a towline, an unmanned, powered, booster 
stage, operated by remote control, may be easily sepa- 
rated by a safe distance from the chemically propelled 
pay-load stage. The shielding necessary to provide 
protection (to the pay load) from nuclear radiation will 
be thereby reduced. 


Other Working Fluids—Hydrogen 


Water is comparatively cheap, and hence it is an at- 
tractive working fluid. However, by using a material 
having lower molecular weight, such as hydrogen, a 
greater exit velocity may be obtained, pre-expansion 
temperature remaining fixed. For example, it seems 
quite possible to obtain exit velocities as high as 18,000 
ft./sec. by expanding high-pressure hydrogen from 
about 2,000°F. into a vacuum. Under these condi- 
tions, the propellant consumption is given in Table A. 

By comparison with Fig. 3, it can be seen that the 
propellant consumption has been reduced to a quan- 
tity which is in no case less than one third that used by 
a chemical-powered plane burning hydrogen and oxy- 
gen. The cost of the pure hydrogen used in the nuclear 
ase is more than three times the cost of the hydrogen- 
oxygen mixture burned in the chemical case. Con- 
sequently, it is manifest that the cost of propellant has 
not been reduced by changing to a nuclear source of 
heat. 

It may be concluded from the preceding discussion 
that the economic appeal of ‘‘conventional’’ nuclear 
rockets is sharply limited by the extremely modest 
performance improvements which can thereby be ob- 
tained. Using the best possible material—hydrogen— 
an exit velocity only twice that of chemical propellants 
was obtained. 


Supervelocities 


Several methods have been proposed to use the en- 
ergy of nuclear fission to obtain dramatic increases in 
the effective exit velocity of rockets. Included are: 

(1) Nonthermal acceleration of mass: electric ac- 
celeration of ions, use of proton or neutron beams, and 
directional polarization of the fission fragments. 
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(2) Use of stellar temperatures in the working fluid. 

Both these techniques have been repeatedly described 
in the literature during the past decade. It is the 
writer's conviction that neither technique can be per- 
fected enough to be practicable as a source of propul- 
sion of terrestrial, manned, or rocket-propelled aircraft 
within the present century. 


EPILOGUE 


It has been presumed throughout this entire study 
that the designer of rocket-propelled airplanes has 
effected the most economical compromise between the 
various parameters which enter into the design of the 
airplane. These key parameters are: 

(1) The cost of the propellant mixture used as rocket 
fuel. 

(2) The performance (specific impulse) attained 
from the propellants selected. 

(3) The lift/drag ratio obtainable in the airplane at 
hypersonic flight speeds. 

(4) The portion of the gross weight of the airplane 
which must be allocated to structure and dead weight. 

To obtain flight performances approaching those 
given for rocket-propelled airplanes in this report is a 
difficult and challenging job. It is only by pushing 
every factor to the limit that successful designs can be 
achieved. Accordingly, it has been assumed through- 
out this study that the airplane designer is both cou- 
rageous and competent. 

It is freely admitted that there are probably many 
errors in this study. These errors may be in concept, 
in assumptions made, in the numerical calculations, or 
in the details of the conclusions drawn. It is the writ- 
er’s conviction, however, that these manifold trans- 
gressions do not invalidate the main conclusion 
namely, that the rocket-propelled airplane can be an 
economical form of terrestrial transportation. He will 


be more than pleased if the reader is brought to share 
even in small part, this conviction. 
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Aims of the Air Force Development 


An appeal is made for recognition 

of national defense as one of 

the basic industries of the United 
States. The author warns that speed 
in the air alone does not 

delermine superiority and advocates 

a search for more innovations and 
newer concepts—*‘hard work on the 
right problems.” 


Program in Aeronautics and Propulsion 


Brig. Gen. Marvin C. Demler* 
Air Research & Development Command, USAF 


INTRODUCTION 


' THE PAST half century, man’s mobility, or the rate 
at which he can get about, has increased twentyfold 
—from the maximum railroad speed of about 100 m.p.h. 
at the beginning of the century to speeds approaching 
2,000 m.p.h. In all the previous history of man’s 
existence, there had been only a twentyfold increase 
in man’s speed from the time he first learned to get 
about upright on two legs—and most of that increase 
had been made possible in the last 100 years since the 
invention of the steam engine. 

Who among us, reflecting on these facts, has not 
wondered where we are going, what the next 25 years 
Particularly in these days of cold war and 
technological competition, the question of where we 
are going, or where we can go with the application of 
sufficient effort on the right problems, is extremely 
critical. 

As a nation, we have tremendous resources, but they 
are not unlimited, and we must exert our best efforts 
to ensure that they are applied where usefulness and 
possibility of success are optimized. 

The purpose of this paper is to describe our planning 
process in technological development in aeronautics and 
propulsion and to outline some of our general aims. 


will bring ? 


PLOTTING PAstT AIRCRAFT PERFORMANCE 


From the beginning of powered flight, increases in 
speed and altitude have been dependent on power-plant 
development and on advancements in aerodynamics 
and structures. 

Each major gain in speed was associated with one or 
more major design improvements. These advances, if 
depicted in graph form, would show curves of notice- 
able perturbation—the result of the acceptance and 
concentrated development of the gas-turbine and rocket 


Presented before the IAS Indianapolis Section, April 16, 1956. 
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engines. Research aircraft performance consistently 
surpasses the performance of operational aircraft; how- 
ever, the difference between two speeds at any time 
appears to be about constant. Such a curve, if pro- 
jected into the future, might prove useful as a guide to 
where we might be able to go. 

An easy way to do this is to replot this curve on semi- 
By so doing, we find that the curve 
has the characteristics of an exponential or compound 


interest function and comes out as a straight line. 


log coordinates. 


The immediate reaction of some would be that this 
is some sort of legerdemain, that there is a limit to how 
far this may be projected. Taken far enough, we would 
find that before long we would be traveling faster than 
the speed of light! 
to how far into the future one may extrapolate a curve 


Certainly there are limitations as 


of past aircraft performance; we must first evaluate 
and thoroughly understand these limitations before our 
plot can become a useful forecasting tool. 


SIGNIFICANCE IN REPETITION 


Let us examine for a moment the validity of the 
curves just considered. The exponential shape is re- 
peated time and time again when one studies curves 
depicting general growth in this country since 1900. 
Consistent repetition should not be casually brushed off 
Repetition of this kind has 
meaning, and one should take a second look at things 
to attempt to discover exactly why such similarity 
occurs. 


as a mere coincidence. 


For a moment, let us study a plot of the Gross Na- 
tional Product and National Wealth versus time since 
1900. Gross National Product, an economic yardstick 
representing goods and services available to the United 
States on a yearly basis, shows a definite upward trend. 
The increase of GNP (based on the 1929 dollar) is al- 
most exponential, the only interruptions to this trend 
being brought about by wars and the depression. 


s, Vol 
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POWER USE INDICATES GROWTH 


A hint to United States industrial growth can be 
found when one surveys the increased indust-ial con 
sumption of electrical power since 1900. 
power consumption implies greater industria! produc 


Increased 


tion. This fact can be seen when one considers th« 
total yearly value of manufacturing since 1900. The 
monetary value of industry has many other parameters 
mixed in with it, but it is indicative of general ‘‘dollars 
and-cents worth” of industry. In spite of the slope 
fluctuations induced by major economic changes, the 
various parameters discussed all vary in nearly an ex 
ponential manner with time. 

It is interesting, if not unique, that the maximum 
attainable aircraft speeds should be related to time in a 
manner similar to the variation that various economic 
and social parameters have with time. The similarity 
in growth occurs so frequently and with such consist 
ency that one can safely employ these curves as guide 
posts to future programs. Returning for a moment to 
our consideration of maximum aircraft speeds vs. time, 
we can draw the following conclusions: 

(a) Our curve would represent the maximum attain 
able aircraft speeds regardless of the type of engine o1 
plane. If we call such achievements ‘‘aeronautical 
progress,’’ we find, fora moment, that aeronautical prog- 
ress is dependent on time in the same manner as the 
economic and social growth of our country. 

(b) With minor deviations, we would find that the 
plot follows a characteristic exponential slope. We must 
realize that this is only from 1900 to the present time. 
It would be extremely hazardous, and possibly errone 
ous, to assume blithely that this mathematical rela 
tionship can continue on into the far distant future 
We have more than doubled attainable aircraft speeds 
in the last 10 years, and our plot should predict to a 
fair degree attainable aircraft speeds in the next 10 to 
20 years. One should exercise some degree of reser- 
vation in extrapolating our curve well beyond 20 
years. 


SUPERIORITY IS Not DETERMINED BY SPEED ALON! 


The curve we place significant importance on was 
only for maximum attainable speed vs. time. Speed 
itself is not the only parameter which evaluates aero 
nautical superiority, and we must strive to improve 
other aircraft characteristics in order to maintain over- 
all air superiority. In general, our objective may be 
defined as the ability to fly higher, farther, faster, to 
arrive at the point of decision with superior fire power, 
and to be able to do this any place in the world, any 
time. 

One realizes that this mission cannot be achieved with 
any one type of vehicle but rather by the use of a va 
riety of vehicles each with its own specialty. The 
combination of vehicles acting as a team possesses 
superiority far greater than any single component of the 
team. 
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Having gone through the exercise of extrapolation 
and projection of trends, we note some postulated air 
craft requirements which we would like to achieve 
Normally, however, we do not formally state a require. 
ment for specific performance until there is reason to 
believe that the goal can be achieved. We must there. 
fore identify those factors which contribute to higher. 
farther, and faster performance and see what can be 
done about improving them. Progress along the ex. 
ponential growth curves is not automatic but the result 
of much hard work on the right problems. 

Let us examine a few well-known indexes of merit for 
jet engines, for cxample, to see what might be expected 
in the way of future trends for performance gains from 
chat source. 

Jet-engine specific fuel consumption, a ratio of fuel 
consumption to thrust, decreased rapidly during the 
initial development stages of the gas turbine. Effort 
expended to this end provided a worth-while saving to 
aircraft; however, in the last few years further reduc. 
tion of this factor has been diminishing. Therefore, 
dramatic gains in aircraft performance in the future 
based on improved engine s.f.c. are not to be ex. 
pected from a normal projection of this curve. 

The previous discussion applies equally well to the 
variation of jet-engine specific weight with time. In 
the early stages of development, remarkable strides in 
the reduction of specific weight were achieved; sig- 
nificant and gratifying progress is still being made in 
reduction of engine weight. However, beyond some 
point, this curve must also level out. 


TECHNICAL BREAK-THROUGHS 


While contributing substantially to improved air- 
craft performance and essential to the superiority of 
particular types of aircraft, progress of the kind repre- 
sented by these two illustrations will not let us advance 
indefinitely along the exponential growth curves. On 
the one hand, the rate of change of ‘‘progress’’ is de- 
creasing, but, to stay on the desired growth pattern, 
the rate of change of “‘progress’’ must continually in- 
We must therefore seek what we are in the 
habit of calling ‘‘technical break-throughs’’—those in- 
novations and new concepts which can radically al- 
ter direction of normal progress. 


crease. 


Technical break- 
throughs might be thought of as the revolutionary 
rather than the evolutionary advancements. 

A few technical break-throughs which have yielded 
significant returns are the jet engine, sweptback wing, 
rocket engines, and the more recent area progression 
rule. 

Although the theoretical use of jet propulsion as an 
aircraft propulsive system has never been disputed, 
the ability to engineer high-efficiency blade cascades 
and to develop high-temperature metals essential for 
jet-engine performance was doubted. The rewards of 
being able to fly at extreme altitudes and at high speeds 
were not fully grasped by industry and Government 
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when the jet engine was conceived, and its develop- 
ment was subsequently deferred. 

The simplicity of design and the high thrust to weight 
and thrust to frontal area ratios, compared to piston 
engines, make the gas turbine extremely attractive as a 
propulsive engine. Today's high speeds and altitudes 
would not have been possible without the acceptance 
and perfection of the jet engine. 

With the acceptance of the jet engine and the advent 
of today’s high speeds, it became evident that conven- 
tional aircraft wing designs of the time were no longer 
adequate. Compressibility effects of the air passing 
over the wing had a detrimental effect on aircraft per- 
formance at high speeds. The swept wing, with its 
relatively low velocity component perpendicular to the 
wing, enabled aircraft to achieve the theoretical speeds 
capable with the jet engine and with little to no reduc- 
tion in overall performance. 

The visualization of a rocket propulsion engine for 
aircraft has been with man ever since the realization 
that flight was possible. The stumbling block to the 
use of this form of propulsion has been known equally 
as long—that of making the rocket engine versatile and 
controllable with a maximum degree of safety. 


THE WAR AND POSTWAR PERIODS 


World War II and the postwar period opened the 
eyes of the United States to the definite possibility of 
speeds many times faster than those capable with pis- 
ton and gas-turbine engines. The speeds desired could 
be achieved only with rocket engines; it was with this 
incentive that a concentrated effort was made to solve 
the long-standing rocket development problems. The 
returns from this project have certainly warranted the 
effort put forth, and, in many cases, the returns have 
far exceeded their planners’ expectations. 

Supersonic aircraft are subjected to numerous shock 
waves of varying strength in normal flight. Prediction 
of the location and strength of all shock waves under 
various flight conditions is a difficult task. A more 
difficult task, prior to development of the area progres- 
sion rule, was to optimize aircraft design so that shock- 
wave effects produced in flight could be minimized. 
NACA undertook such a study, and the now famous 
area progression rule was the eventual outcome. The 
use of this rule has enabled air-frame designers to make 
relatively small changes in experimental and prototype 
aircraft and obtain marked performance improvements. 
Efficient operational limits have been improved, and 
many of the major obstacles threatening the perform- 
ance of prototype aircraft have been notably reduced, 
if not removed. The development of the area progres- 
sion rule has been a most timely break-through, and it 
will remain a major aircraft achievement for many years 
to come. 

The search for possible technical break-throughs and 
smaller, but nonetheless important, improvements, 
and their recognition and exploitation are major aims 
of our technical development program. Some items, 


which at this time appear to offer substantial gains, are 
airfoil boundary-layer control, jet thrust reversal, and 
vertical take-off aircraft. 

With the high-speed, swept-wing aircraft of today, 
small increases in lift represent significant increases in 
overall performance. Lift, to a large extent, can be in- 
creased by proper control of the boundary layer around 
the airfoil. 


ESTABLISHMENT OF THE ARDC 


The desire to control airfoil boundary layers has long 
been with us, and workable devices have been developed 
to enhance circulation and, consequently, lift. The 
magnitude of the problem was relatively small prior to 
the jet age, and it is only now with our present and pro- 
posed supersonic speeds that we must take a second 
look and advance our thinking about boundary-layer 
control. Items such as vortex generators and jet 
flaps, to mention just a few, promise rewarding returns 
to the Air Force and warrant future development. 

The use of jet-engine thrust for purposes other than 
solely forward motion offers promising returns. Com- 
plete or even partial jet reversal can amount to an ap- 
preciable saving in length of runway needed for air- 
craft landings. When one looks ahead to the proposed 
sizes of future aircraft, one must also consider the re- 
quired size of the runway for such planes. Increased 
length of runway and facilities amounts to a sizable 
investment, and any reduction in required landing 
length promises major reductions in supporting fa- 
cilities. 

The development of a vertical take-off operational 
aircraft affords the Air Force very promising returns. 
Not only can air base facilities be reduced but the over- 
all versatility of the aircraft can be greatly increased. 

It was to make sure that research and development 
received the attention it must have, if we are to pro- 
gress along the growth curve, that the Air Force estab- 
lished the separate Air Research and Development 
Command. In the ARDC we have an organization 
that, while providing general engineering service for the 
entire Air Force, is sufficiently removed from the rou- 
tine of everyday production and maintenance prob- 
lems to permit concentration on the problem of provid- 
ing superior weapons for tomorrow. 

I think the need for almost exclusive concentration 
on research and development is especially important 
in the function of long-range planning. The planning 
process in military research and development involves 
a continuing amalgamation of information on science 
and strategy—testing what is possible in view of the 
state of science and invention against what is useful in 
the attainment of military objectives. It is important 
that this analysis be made in the context of the future 
and not necessarily conditioned by how it fits in with 
the existing scheme of things. Too many of the great 
military developments in the past grew out of ideas 
which had long been known but had not been recog- 
nized simply because the application was thought of 

(Continued on page 70) 


General formulas are presented 

for computing the thermal stresses 
and curvature in a long beam when 
the rise in temperature at any 
location in the beam cross section 

is given and when the coefficient 

of erpansion and Young's modulus 
are known functions of temperature. 


Thermal Stresses and Deformations in Beams’ 


Dan uel Levyt 


(1) INTRODUCTION 


— OF SIGNIFICANT aerodynamic heating of the 
airplane in high-speed flight, it becomes necessary 
to predict the structural stresses and deformations 
which may result from this heat. The heat is primarily 
the result of the adiabatic temperature rise correspond 
ing to the stagnation temperature which is approxi- 
mately proportional to the square of the speed. The 
aerodynamic behavior of the air in the vicinity of the 
surface is such that the temperature of the surface, 
after equilibrium is reached, is usually somewhat less 
than the stagnation temperature. The ratio of the 
equilibrium temperature rise to the stagnation tem- 
perature rise is the recovery factor and must be known 
in any particular thermal stress analysis. 

During the time the surface is heating to its equilib 
rium value, the rate at which heat flows to the surface 
depends on the properties of the boundary layer in 
laminar flow and on the scale of turbulence in turbu- 
lent flow. In a sense, the surface air acts as an insu- 
lating blanket. The quantity of heat transferred can 
be considered as the product of the temperature differ- 
ence times a heat-transfer coefficient. The heat 
transfer coefficient can be expected to vary widely 
since the flow of air over the airplane surfaces changes 
both with position on the airplane and with speed. 
It can be expected to increase when the air density 
increases or when the boundary layer becomes thinner 

The loss of heat from a surface by radiation may be 
come appreciable at high temperatures since the radi 
ation of heat varies as the fourth power of the absolute 
temperature. Heat can also flow to a surface by radi- 

Presented at the Thermal Stress Analysis Session, 24th Annual 
Meeting, IAS, N.Y., Jan. 23-26, 1956. 
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Electric Company 


ation—solar radiation being the chief source of 


heat flow. 


such 
The radiation equilibrium temperature at 
high altitude of an insulated surface normal to the 
sun’s rays can vary from about —40°F. for a white 
painted surface to about 830°F. for a bright metal 
surface. The surfaces normal to the moon's 
rays are at about —436°F. and —387°F., respectively, 
With only starlight, the temperature is about —454°F, 

The complexity of heat transfer to an airplane sur- 
face'—* makes it desirable for the structural designer to 
examine the extent to which the stresses and deforma- 
tions of his structures are dependent on a precise de- 
The first 
portion of this report will examine this question for 
beams heated from one side and show that the stresses 


same 


scription of the temperature conditions. 


and deformations corresponding to a given maximum 
temperature are relatively insensitive to temperature 
distribution. The second portion of this report will 
consider simple approximate formulas for estimating 
temperature distributions. 
only is considered. 


Heating from one side 
In the case where the heat condi- 
tions differ on the two sides, combining the solutions 


for each side separately can give the desired result. 


(2) STRUCTURAL EFFECTS OF TEMPERATURE 
(2.1) General Equations 


Let the temperature rise at any location on a beam 
cross section be given by 7 and consider the variation 
of T with position along the beam length to be negli- 
gible. Choose x and y axes (Fig. 1) in any convenient 
location for computation. Denote the coefficient ol 
thermal expansion of the beam material by a and 
Young’s modulus by £. Assuming plane sections re- 
main plane, the elastic stress in the beam is given by 

o = E(—alT +6 + yx + By) (1) 
where 

6 = extension of beam per unit length at origin 
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Eq. (1) applies to beams for which the thermal ef- 
jects do not induce chordwise stresses. Box beams 
having relatively few chordwise ribs and beams having 
, short chord length fall into this category. In solid 
peams having a chord length greater than several times 
the thickness, however, the chordwise stresses require 
that E in Eq. (1) be replaced by an effective modulus 
E/(1 — w), Where yu is Poisson’s ratio. Near the wing 
root where chordwise bending is restrained, the effective 
modulus is E/(1 — uw)? rather than FE. In the subse- 
quent development, E will be used to signify the ef- 
fective value of Young’s modulus. 

When the thermal stresses alone are to be found, the 
external loads carried by the beam are zero, and the 
stresses are only the internal stresses resulting from the 


temperature distribution. We have then, 


SfodA = SfoxdA = SfoydA = 0 (2) 


where the integrals are taken over the cross section 


and dA is an element of cross-sectional area. Sub- 
stituting Eq. (1) in Eq. (2) gives 
iffEdxdy + yffxEdxdy + | 
BSSyEdxdy = SfaTEdxdy 
iffExdxdy + yffx?Edxdy + | 
(3) 


BSSxyEdxdy = SfaxTEdxdy | 
iffEydxdy + ySSxyEdxdy + | 
BS Sy2Edxdy = SfayTEdxdy | 


Knowing 7’ as a function of x and y and knowing a 
and E as functions of 7, it is possible to evaluate the 


integrals in Eq. (3) and to solve for 6, y, and 6. Sub- 
stituting them in Eq. (1) gives o. 


2.2) Rectangular Solid Beam, E and a Constant 


We will first consider the effect of the temperature 
distribution on the stress distribution and deformation 
of the simplest beam, a solid rectangular one, with 
constant # and a, having the simplest temperature dis- 
tributiom—that is, varying only from top to bottom. 

The heated part of the cross section will be taken to 
extend a distance d into the beam (Fig. 2) and to have 
a constant excess temperature 7. The resulting 
stress distributions and curvatures for various values 
of the dimensionless penetration distance d/b are 
shown in Fig. 3. We note that, as the heat penetrates, 
the maximum tensile and compressive stresses are 
always located at the bound between the hot and the 
cold parts of the beam and that their absolute magni- 
tude is about 0.5 EaTy for 0.2 < d/b < 0.8. The 
stress approaches a maximum magnitude of EaTy as 
the heat boundary approaches a surface. The curva- 
ture 8 has a maximum absolute value of 1.5 aTy,/b 
When d/b = 0.5 and exceeds 0.96 aT ,/b in absolute 
value in the range 0.2 < d/b < 0.8. It is of interest to 
observe that the curvature varies inversely as the beam 
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Fic. 1. Typical beam cross section. Axes may be placed at 
a location in the beam cross section which is most convenient for 
computation. 


Fic. 2. Cross section of heated rectangular beam; crosshatched 


part at a constant excess temperature T),. 
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y 
b 
a 
Fic. 4. Cross section of heated rectangular beam; cross 


hatched part at excess temperature which varies from 7 at sur 
face to 0 at a penetration of 2d. 


depth 6 and directly as the product a7 y, and that, for 
d/b < 0.1, the stresses in the cool portion of the beam 
and the curvature increase in proportion with the depth 
d of heat penetration. 

Taking the temperature of the heated part of the 
cross section to vary from an excess temperature 7°) 
at the surface to 0 at a depth of 2d (Fig. 4) gives the 
stress distributions and curvature shown in Fig. 5. 
We note that in this case the maximum compressive 
stresses occur at either the hot or cold surface while 
the maximum tensile stress occurs at the bound be- 
tween hot and cold. The maximum compressive stress 
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Fic. 5. Variation of curvature and stress distribution with 
depth of penetration of a ‘‘ramp’’ temperature distribution in a 
solid rectangular beam. 


is EaTy for small penetration. For a penetration dis 
tance 2d greater than half the depth ), the compreggiy, 
stress never exceeds 0.25 EaTy. The tensile streg 
never exceeds 0.296 EHaTy and has this maximy 
value when the penetration 2d is one third of the dept, 
b. The curvature 8 has a maximum absolute valy 
of 1.125 aTy,/b when the depth of penetration 24 ; 
0.75 of the beam depth 6. For (2d/b) > 0.5, th 
curvature 8 always exceeds aT'y/b. For 2d < 0.1, the 
effect on the stresses in the cool portion of the bean 
and on curvature of doubling 2d is equivalent to doy. 
bling 

It seems possible that during the initial stages oj 
heating, the stresses may depend primarily on the 
total heat stored. To provide such a comparison, 
Fig. 6 has been prepared. It is evident that, for equiva. 
lent values of d, the heat stored will be the same for 
both and “‘step’’ temperature distributions, 
Comparison of the curves corresponding to equivalent 
heat content shows that, for values of d/b up to about 
0.05, the maximum stress and curvature agree within 
about 1 per cent. For d/b = 0.1, the corresponding 
surface stresses and stresses in the cool portions of the 
beams agree within about 2 per cent of the maximum 
stress. 


2.3) Rectangular Box Beam, E and a Constant 


We will next consider the effect of temperature 
distribution on the behavior of a box beam having the 
cross section shown in Fig. 7. The wall thicknesses 
of this beam are taken as one one-hundredth of the 
corresponding wall widths. The response of such a 
box beam to temperature will more nearly approximate 
the response of an airplane wing than will the response 
of the solid beam treated in section (2.2). The beam 
is again considered to have / and a constant. 

The stress distributions and curvatures for a ‘‘step’ 
temperature distribution are shown in Fig. 8. We note 
that the maximum absolute value of curvature 6 is 
1.1385 aT \,/b when the heat has penetrated to half the 
beam depth and that, for 0.2 < d/b < 0.8, 8 exceeds 
aTy/b. The maximum compressive and tensile stresses 
occur at the bound between hot and cold parts of the 
beam and are about 0.6 EaTy for 0.2 < d/b < 038. 
For moderate values of d/b, we find that, as long as the 
heat stored is constant [7,(49 + 100d/b) constant for 
0.01 < d’/b < 0.99], the stress in the cold portion of 
the beam and the curvature are relatively unaffected. 
Comparison of Figs. 3 and 8 shows the effect of cross- 
sectional shape on stress and curvature for this tem- 
perature distribution. The differences in the two 
figures are less than about 50 per cent when 0.2 < d/b< 
0.8. 

The stress distributions and curvatures for a “ramp” 
temperature distribution are shown in Fig. 9. The 
maximum curvature 8 in this case is 1.035 a7 4/6 and 
occurs when the heat has penetrated a distance e of 
about three fourths of the beam depth 6. When e/) 
exceeds 0.5, the curvature 8 always exceeds a7y b. 
Fig. 9 shows that the maximum tensile stress which 
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occurs at the boundary between the hot and cold parts 
of the beam is about 0.57 EaTy when the depth of 
penetration e of heat is about one tenth of the beam 
depth 6. For 0.01 < eb < 0.6, the maximum tensile 
stress lies between 0.29 EaTy and about 0.57 EaZ7 

The maximum compressive stress on the heated side of 
the box drops in absolute value from EaTy, to 0.68! 
aT y when the heat penetrates through the thickness 
of the heated wall. For a penetration distance « 
greater than about one fourth of the beam depth 

the compressive stress never exceeds 0.25 EaT’y, in 
absolute value. Again we find that, for e/b < 0.1, 
the stress in the cold portion of the beam and the 
curvature are relatively unaffected as long as the total 
heat stored is constant, 7y,(98 + 100e°b — 0.498 

constant for 0.01 < e 6. Comparison of Figs. 5 and 
9 shows that the effect of cross-sectional shape on curva 
ture for a ‘“‘ramp’’ temperature distribution is less 
than about 10 per cent when e/) > 0.4, while its effect 
on stress is more significant, the box beam having 
roughly twice the maximum tensile stresses and half 
the maximum compressive stresses of the solid beam, 

Fig. 10 shows a comparison of “‘ramp’’ and ‘“‘step 

temperature distributions in a box beam for the same 
maximum temperature 7 and for the same total heat 
absorbed. It is evident that, except in the immediate 
vicinity of the heat boundary, the stress distributions 
are nearly identical for moderate values of heat pene- 
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Fic. 10. Comparison of stress distributions and curvatures in 
a rectangular box beam for “‘step’’ and ‘‘ramp”’ temperature dis- 
tributions having the same total heat content. 
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tration. For e/b < 0.3, the surface stresses and Stresses 
in the cool portion of the beam agree within 7 per cent 
and the peak stresses at the heat boundary, which 
occur at different values of y/6 in the two cases, agree 
within 30 per cent. The curvatures agree within 
per cent up to e/b = 0.4 and differ by less than 14 per 
cent at e/b = 1.0. 


(3) EFFECT OF RATE OF HEATING ON STRESS 

In the previous discussion we have considered the 
stresses in beams resulting from various temperature 
distributions. We that, for moderate 
depths of heat penetration in a given cross section, 


have found 
the stress in the cold portion and the curvature depend 
primarily on the total heat content; in the heated 
portion of the cross section the stress depends, in addi- 
tion, on the maximum temperature 7°y. 


There are strong indications that ordinarily a maxi- 
mum stress of the order of EaT’y will be present only 
during the initial stages of heating when the depth of 
penetration For the most likely “ramp” 
temperature distributions (Figs. 5 and 9), the stress 
is less than 1/2 EaT’y for penetrations of temperature 
greater than about one third the beam depth. In 
those cases where a time delay, due to thermal re- 
sistance in the surface air or to the time required to 
accelerate to high speed, allows the heat to penetrate 
to more than about one third the beam depth before 
the maximum surface temperature is reached, it is 
reasonable to expect an alleviation in stress of about 
one half. 


is low. 


(3.1) Approximate Formula for Temperature 


§ To estimate temperature, we will make several sim- 
plifying assumptions: 


(1) The distribution of temperature is always of the 
“ramp” type—that is, the temperature decreases line- 
arly with distance from the surface. This seems war- 
ranted by the results presented in earlier portions of this 
report which show that the stresses and curvatures are 
primarily dependent on the total heat content and 
surface temperature and are only secondarily affected 


by the temperature distribution. 


(2) The heating effect of the air can be described 
by specifying a rise in air temperature 7, and a heat- 
transfer coefficient c, describing the blanketing effect 
of the surface air. In the case of accelerated flight,’ 
T 4 and c would more likely be time dependent, and the 
following theory would require corresponding re- 
Assumption (2) is suitable, 
demonstrating how to use assumption (1) in developing 


vision. however, for 
a theory and is a reasonable representation of the 
meager data available. 

(3) Radiation is neglected. This assumption limits 
the theory to temperatures below about 500°F. It 
could be replaced by a more realistic assumption when 
a theory for higher temperatures is required. 
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91.1) Solid Beam Temperature 

Consider the case of heating of a solid beam (Fig. 
\!), The temperature rise is taken as dropping from 
[Ty at the surface to 0 at a distance d from the surface. 
The rate of heat flow q, (B.t.u./sec.) to the beam sur- 
face 1S 


a = Ac(T4 — Ty) (4) 


where 


II 


4 surface area (ft.*) 

(T; — Ty) = temperature drop through surface 
air (°F.) 

heat-transfer coefficient (B.t.u. ‘sec. 
ft:? °F.) 


The rate of heat flow g. away from the surface is 


RA(Ty d) (5) 
where 
Ty/d = temperature gradient in beam material 
(°F. /in.) 
k = conductivity of beam material (B.t.u. in./ 


sec. ft.2 °F.) assumed constant at the 
average value for the temperature range 


Equating g: [Eq. (4)] and qg2 [Eq. (5)], 
d = (k/c) [Tu/(T4 — (6) 


The quantity of heat Q (B.t.u.) stored in the beam, as 
long as the heat has not reached the far side of the beam, 


1S 
Q = uAdT y 2 (7) 


where « = heat capacity of material (B.t.u./ft.? in. 
°F.) assumed constant at average value for temperature 
range. 

The quantity of heat which reaches the beam in a 
time / (sec.) is approximately 


Q = Act[Ts — (2/3)Tu] (8) 


where [7,4 — (2/3)Ty,] = approximation to average 
temperature difference through surface air (°F.). 
[Factor 2/3 is based on a variation of Ty, as square 
root of ¢. The adequacy of this approximation is con- 
sidered in section (4.3). | 

Equating the values of Q in Eqs. (7) and (8) gives, 
after eliminating d with Eq. (6), 


t= (3uk 2c?) (Ty? 6 (3874 = 2T | (9) 


Since the stresses are unlikely to exceed 1/2 EaT, 
if the penetration d exceeds one third the beam depth 
before Ty, = 74, it is interesting to note that the pene- 
tration d [Eq. (6)], when the surface temperature 7), 
teaches one half its limit value 74, is 

(d)ry=1/2 Ta = R/€ (10) 


The corresponding time elapsed ¢ [Eq. (9) ] is 


()ra=1/2 Ta = BUR (11) 
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Fic. 11. Estimation of temperature and rate of heating. 


(3.1.2) Box Beam Temperature 


The surface of a box beam subjected to uniform 
external heat conditions would be expected to be cooler 
at the points of web attachment than it is at points 
midway between webs. An accurate assessment of 
this effect does not appear warranted, however, because 
of both the insensitivity of stress and curvature to 
temperature distribution and the presence of other un- 
resolved uncertainties, such as the conductivity of 
joints. 

The method we will use for estimating box beam 
temperatures will be approximately as accurate for 
Ty as a function of time as the method for solid beams 
[section (4.1.1)]. The estimation of penetration depth 
will, however, be only about half as good. In view of 
the insensitivity of the maximum tensile stress to 
penetration depth in the important range of depths 
from one twentieth to one third of the beam depth 
(Fig. 9), it is believed that this will not be a source of 
large errors. 

To determine the effective depth of penetration of 
heat, we will modify Eq. (4) for a solid beam to take 
account of the fact that some of the heat flowing down 
the web comes from the surface sheet. 

The heat flowing into the web from the surface 
directly in front of it is 


chol(T 
where 
h, = web thickness (in.) 
| = spanwise length of heated portion (in.) 


During the initial stages of heating, before the depth 
of penetration d equals the surface wall thickness 
hy, this is all the heat flowing to the web. When d 
is substantially greater than /, it can readily be shown 


y 
3 
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that there is a lateral heat flow in the heated wall, 
toward the juncture with the web, of magnitude 


V/ ckhy(T 4 Tw) 


Combining these two terms with an empirical factor 
d‘/(d* + 10h,*) to take account of the transition range 
where d is nearly equal to h, gives 
Qi: = + [d*/(d* + 10h,*)] V khy/ch.?} X 
(T4 T ss) 12 
for the rate of heat flow into the web. 


For the rate of heat flow down the web we again use 
Eq. (5) with A replaced by /»/ in this case. 


ge = khol(T d) 13 
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Fic. 12. Effect of depth d of heat penetration on curvature 8, 
maximum tensile stress o7, and maximum compressive stress o; 
for ‘‘ramp’’ temperature distribution. 


Surface air 


T,=400°F |. 10" 


Fic. 13. Box beam considered in time history example; rise 
T4 in environment temperature over initial beam temperature is 
400°F. 
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Equating q: and q gives 


) 
d* + 10m! 


Eq. (14) is readily solved for d by trial and error sing 
the factor d‘/(d* + 10h,*) is less than 0.1 for d < h 
and between 0.9 and 1 for d > 3.1h. : 

The quantity of heat Q (B.t.u.) stored in the beam 
for hy < d < (6 — hy) and an assumed “ramp”’ tem. 
perature distribution is given by 


Q = ul ;wh[l — Ty + 2hed(Ty,/2)' (15 


where w = width between webs (in.). In Eq. (15 
the drop in heated wall temperature near the web 
is neglected. For the quantity of heat which reaches 
the beam in a time ¢ (sec.), we again use Eq. (8) with 4 
replaced by /(w + 2h»), 


Q = l(w > 2he)ct{[T 4 (2 3)T 16 
Equating the values of Q in Eqs. (15) and (16), 


wh, [1 (hy 2d) + hod T 
c(w + 2h») [T 4 — (2 3)7 u | 

(4) Time History OF STRESS, TEMPERATURE, AND 
CURVATURE 


In Fig. 12 are shown the variations of maximum 
tensile and compressive stresses and curvature with 
depth of heat penetration for the solid and box beams 
considered in sections (2.2) and (2.3) when subjected 
to a “‘ramp’’ temperature distribution. Included also 
in this figure is a design curve selected to fall between 
the computed curves for the box and solid beams 
and weighted to fall closer to the box beam results. It 
is suggested that this design curve be used for estimat- 
ing stresses in the case of heating from one side only 
where other uncertainties, such as the heating condi- 
tions, make a more thorough analysis unnecessary. It 
should be noted that superposition, for heating from 
two sides, should not be used here since the location 
of maximum stress is likely to differ for the two types 
of heating. 

For estimating maximum stresses and curvatures in 
a beam under steady heating conditions prior to pene- 
tration of heat throughout the beam, the following pro- 
cedure is proposed : 

(1) For a range of values of surface temperature 
Tu, given beam constants and given temperature en- 
vironment, compute ¢ and d from Eggs. (14) and (17) 
for box beams or from Eqs. (6) and (9) for solid beams. 

(2) Using Fig. 12 and the value of d obtained in 
step (1) above, determine the curvature and stress ratios 
corresponding to the values of Ty selected. From 
these compute 8, o7, and a¢. 

(3) Plot 8, or, and o¢ as a function of f. 


(4.1) Example of Time History Computation 
We will consider a box beam having the geometry 
shown in Fig. 13. We will select the following values 
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ithe constants: 
40; 


¢ = 0.03 B.t.u./sec. ft.? °F. 
t = 0.033 B.t.u. in./sec. ft.* °F.; stainless steel, 
approx. 


compressive 


Moximum tensile 
stress, Kips/in 


y» = 5.2 B.t.u./ft.2 in. °F.; stainless steel, approx. 
since £ = 26,000,000 Ibs. /in.*; hot stainless steel, approx. 
“<h} = 94 X 10- in./in. °F.; hot stainless steel, 
approx. 

beam | 7, = 400°F. 

tem- 


Maumum 


= 5in. 
= 
15 bh = 0.3 in. 


w = 9.41n. 


2 
= 
> 
3 
S 


Surface temp rise, °F 


© web | The computations are carried out in Table | and are 
‘eaches | plotted as curves (a) in Fig. 14. It is seen that, in this aa 

with 4 case, the maximum stress is a tension of about 35,000 Fic. 14. Examples of maximum stress, curvature, and tem- 
is./in.*. The maximum compression is about 21,000 ft2 
its./in.2. Both of these stresses occur when the pene- curves (c), ¢ = 0.09 B.t.u./sec. ft.? °F. 

tration is roughly one fourth of the depth. The maxi- 
mum curvature is about —0.0007 in.~! and occurs 
when the heat is nearly through the beam. 


16 


4,2) Effect of Heat-Transfer Coefficient c 


9 

T 


Time history average 
For comparison, the above computation was re- 


peated with c = 0.01 B.t.u. sec. ft.2 °F.—one third 
as much as for curves (a), Fig. 14—and with ¢ = 
<imum | 0.09—three times as much as for curves (a), Fig. 14. 
> with | The purpose of this computation was to evaluate the 
beams | elect of substantial changes in the surface-air heat- 
jected | ttansfer coefficient since this coefficient is both difficult 0 20 40 60 80 100 
-d also | todetermine and likely to vary with time and position. Time, t, sec 

tween | The results are shown in Fig. 14 as curves (b), c = 0.01 


AND 2/3 Tu 


Average surface temperature rise, °F 
S 
9 
~ 


Fic. 15. Average surface temperature rise up to time ¢ com- 


beams | B.t.u./sec. ft.2 °F., and as curves (c), c = 0.09 B.t.u./ puted from time history of temperature rise in Table 1 and com- 
; puted as 2/3 Ty where Ty is the surface temperature rise at 
ts. It | sec. ft. °F. It is seen that increasing the surface-air Py 


timat- | heat-transfer coefficient results in larger maximum 
e only | stresses, curvature, and rate of heating. The maxi- 


condi- mum tensile stress is 21 per cent higher for curve (c) than sec. and 
y. It } and 24 per cent lower for curve (b) than for curve (a). Inspection o 
: feats curves (a) in Fig. 14 indicates that the maximum stresses 
onan 43) Check on Simplifying Temperature Assumption occur at about the time when agreement of the two 

. : Sil er curves in Fig. 15 is best and that the surface is at about 
types In order to check the simplifying assumption in Eqs. 


: 340°F.—or nearly fully heated—by the time ¢ = 60 sec. 
and (16)—namely, that the average surface tem- y 


ires iN | perature up to time ¢ is 2/3 Ty, where 7'y is the surface 


(5) DiIscUSSION AND CONCLUSIONS 
pene- | temperature at time ¢—the average temperature up 


g pro- | totime ¢ was computed from the values given in Table The results presented in this report are in agreement 
land is plotted as a function of time in Fig. 15 together with the following generalizations for a beam heated 
rature | with the value 2/3 Ty. The two curves differ by less from one side only: 
re 
1 (17) 
yeas. TABLE 1 
1ed in Example of Computation of Stresses and Curvature 
a Tu (°F 50 100 150 200 250 300 340 360 
From t (sec. 1.44 4.06 7.74 13.11 21.12 35.9 61.6 91.2 
d (in. 0.1276 0.2113 0.327 0.526 0.871 1.568 2.96 4.70 
d b 0.0255 0.0423 0.0654 0.1052 0.1741 0.314 0.592 0.940 
oc/EaT x 0.76 0.62 0.49 0.40 0.34 0.28 0.16 0.02 
or/EaTy 0.42 0.50 0.53 0.55 0.54 0.47 0.27 0.03 
8b/aT y —0.34 —(0.46 —0.52 —0.66 —0.78 —0.91 —1.04 —1.02 
; oc (Ibs. /in.* 9,300 15,100 17 ,900 19,500 20 , 800 20,500 13,300 1,800 
metry or (Ibs. /in.?) 5, 100 12,200 19,400 26 , 900 33 ,000 34,400 22,400 2,600 


values 1088 (in. —32 ~86 —147 —248 — 367 —513 — 665 — 690 


| 

— 

Z | 
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(a) Curvature varies inversely as the beam depth 
b and directly as the product of the coefficient of ex- 
pansion and maximum temperature rise, a/y. The 
curvature does not exceed 1.5 aTy,/b and, for a wide 

variety of conditions, it is about 1.0 aT, 0. 

(b) For moderate values of heat penetration, the 
stress in the cool portion of a beam and the curvature 
depend primarily on the total heat stored. For depths 
of penetration below about one tenth the beam depth, 
differences are less than about 2 per cent. 

(c) Cross-sectional shape has a significant effect on 
the stress for a given temperature distribution; the 
box beam considered in this report has about twice the 
tensile and half the compressive stresses of a solid beam 
for a “ramp” temperature distribution. 

(d) If the temperature is approximately of the 
“ramp”’ type and if time delay, due to thermal resist- 
ance in the surface air or to the time required to ac- 
celerate to high speed, allows the heat to penetrate to 
more than about one third the beam depth before the 
maximum surface temperature Ty is reached, the 
stresses can be expected to be less than about 1/2 
EaTy, and the curvature can be expected to be about 
aT y/b. 

(e) The assumption that the temperature distribution 
is of the “ramp” type allows a marked simplification in 
temperature calculations and is justifiable for stress 
and curvature calculations as long as the total heat 


content can be determined with fair accuracy. Formu- 
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las based on this assumption are presented for a bea 
subjected to constant aerodynamic heating from oy 
side. 

(f) Changes in the surface-air heat-transfer coef 
cient have a marked effect on the rate of heating } 
only a moderate effect on the maximum stresses ay 
curvatures. 

Major uncertainties in the determination of the q 
tailed temperature distribution in beams arise froj 
lack of knowledge regarding joint conductivity and ty 
surface-air heat-transfer coefficient. Less serious y 
certainties result from difficulty in taking into accoy 
spanwise heat flow, convection, and radiation. Th 
results presented in this report indicate that, { 
beams, these uncertainties may have a marked effed 
on temperature distribution and rate of heating whil 
having only a moderate effect on stress and curvatur 
It is believed that this will also be true for other moj 
complicated structures, and it is suggested that ad 
vantage be taken of this favorable situation when 
ever stresses and deformations are of primary interest 
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Aims of the Air Force Development Program. . . | 


Continued from page 61) 


in terms of the limitations of the contemporary scene. 
The ARDC is doing everything it can to disprove the 
old saw that the military are always developing weapons 
to fight the last war. 

Suppose we do discover a “break-through’’—some 
innovation which requires development or some basic 
scientific phenomenon which now can be applied to mili- 
tary use through improved technology—promising tre- 
mendous military advantage, possibly even changing 
the balance of power among nations? Here again we 
believe ARDC is designed and equipped to carry 
through on development. The success of the Man- 
hattan District in developing the atom bomb in World 
War II has fostered a tendency to call for new Man- 
hattan Districts whenever big new opportunities or 
problems are presented. What people really want is 
the assurance that all possible talent and effort are 
being concentrated on the important projects. In a 
sense, all ARDC might be thought of as a Manhattan 
District to do research and development for the Air 


Force. In this one Command are all the varied func 
tions from basic research to flight test, the services, and 
the facilities necessary to the development of moderm 
weapons, which can be directed to the problems of high; 
est priority. Our thinking is to the future, and our re 
action time is fast. 


CONCLUSION 

In this planning and development process, our plans 
in ARDC are but the road maps, and our operations are 
giving the green lights of priority and the distribution 
of the fuel. The real job—hauling the freight—is up to 
American science and industry. National defense 
should be recognized for what it has become—one of 
the basic industries, along with food, clothing, and 
shelter. The American system of enterprise and indus- 
try has shown clear superiority before the world in the 
provision of food, clothing, and shelter in abundant 
quantities. Let us not fall down in the field of national 
defense. 
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S@fety and Economic Aspects of Flight Simulators 

fO accouy 

ion. Th Flying is not learned any place but in the airplane. The dual control 
that, f system of instruction originally used by the Wright brothers in 1908 is 

ked effe still the basis for flight instruction, but the flight simulator has its 
ting whil place in teaching those things that are not directly the skill of flight. 

curvature 

ther mor 


that ad 

ion wher ] ADVENT OF the flight simulator wherein the 

prototype for a given airplane costs in the neigh- 
borhood of a million dollars has been a shock that has 
got, even as yet, fully been absorbed by those responsi- 
ble for the training of air carrier flight personnel. The 
recommendation by the Doolittle Committee several 
years ago for more extensive use of such a device fell 
om barren ground with few exceptions—notably the 
Lic Heatingmilitary. Even prior to the report in question, the 
), January military, drawing upon their experience with many 
types of synthetic device during World War II, had 
wholeheartedly accepted the crew trainer, and the U.S. 
Air Force is by far the largest user of flight simulators." 

There are probably in the neighborhood of 200' such 
machines—both military and commercial—now in 
existence, of which United Air Lines, Inc., presently 
has four. When it is appreciated that the first elec- 
tronic simulator was put into service by Pan American 
World Airways, Inc., only 7 years ago (early in 1949), 
the tremendous advances that have been made become 
apparent.* 4 

Obvious questions arise as to the completeness of 
vices, and simulation needed for the devices to be satisfactory 
f moder instructional equipment. Sometimes the terms used 
are ““whole-task’’ or ‘‘part-task” simulation." In 
the studies that preceded the purchase of the first group 
of simulators, United Air Lines adopted the whole-task 
principle with a few minor exceptions. 

The instructional procedures used have something to 
do with the extent of the simulation required. The 
mission method generally used by the Air Force re- 
quires full simulation of fuel consumption, weather 
problems, rough air, and even lightning.» The 
procedures adopted by United Air Lines do not, in 
general, parallel actual flight. Rather the field to be 
covered is broken down into lessons of 2 hours’ dura- 
tion which cover material that is self related. In fact, 
one of the great advantages of the simulator in instruc- 
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Presented at the Flight Safety and Training Session, 24th 
Annual Meeting, IAS, N.Y., Jan. 23-26, 1956. 
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tion is that it does not have to fly around to get into 
position or to change altitude. Accordingly, a great 
deal of time economy is possible when repeated instruc- 
tion on a phase of flight is given. In this manner, it is 
felt that the capabilities of the simulator as an instruc- 
tional tool are utilized to the utmost. 

On the other hand, the thinking relative to the use 
of the coming DC-S8 simulator is in the direction of the 
mission method for at least a part of the instruction. 
This airplane will be such a radical change in weight, 
speed, power, and environment of flight that much more 
of a conditioning problem will be involved. Also, new 
areas of simulation, including visual landing, are being 
studied. 

Consideration has also been given to the part-task 
simulator or even to a generalized type. Some feel 
that a great deal can be done with such a machine at a 
considerable reduction in cost because of either simpler 
simulation or the greater number of such machines that 
would be manufactured. 

After United’s original purchase was made and the 
full-task, specific-type flight simulators were in service, 
it was found that a great many more fields of instruc- 
tion could be covered advantageously and economically 
by the simulators than had originally been anticipated. 
A study was made to determine the desirability of a 
part-task simulator in order to relieve the whole-task 
machine of much of this sort of instruction. For in- 
stance, consideration was given to the purchase of a 
modification of the DC-6B simulator, especially de- 
signed for the instruction of flight engineers. 

It is possible that, with the purchase of several such 


‘ machines, some economy could have been experienced ; 


but, in the special case studied, the availability of exact 
duplicates of the original machines at moderate cost 
(because engineering had been paid for) made it more 
economical to get the full-task simulator. The addi- 
tional flexibility so gained was also thought to be of 
considerable merit. 

The generalized type of simulator, representative of 
a “class’’ of airplanes, was rejected early in the day, 


= 
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and nothing in the experience has revived it. Rather, 
even the full electronic flight proficiency type of trainer 
has lost ground at United, and the old-type Link trainer 
has taken a new lease on life. A dozen of them are 
being modernized and brought up to date. 

United’s experience has confirmed the original opinion 
that the simulation as far as possible of flight charac- 
teristics and feel is important; furthermore, that the 
simulator must be maintained to ensure continued 
verity in the simulation and conformance to the flight 
characteristics and must be modified along with the 
fleet it represents.! 

The question of safety has many answers, and experi- 
ence indicates that no one of them is the full and com- 
plete solution to the problem. Unquestionably one of 
the major safety means in air transportation is for a 
fully qualified, experienced captain to be in charge of 
the airplane. This professional pilot must, as the term 
implies, know his business throughout its full range, 
including his route, airports and Nav-Aids, his equip- 
ment, the deficiencies that are inherent in all of it and 
the means to overcome them, together with excellent 
judgment. The latter can come and be evaluated only 
from experience. 

The safety of the operation is dependent upon the 
application of all of this to the completion of the flight 
by the captain in a safe, comfortable, efficient manner. 
It is obvious that the air carrier industry has adopted 
this premise without equivocation. It is in the details 
of qualifying the personnel that differences of opinion 
prevail. 

The mere adoption, however, of simulators is not in 
itself sufficient. They must be utilized effectively, and 
in order to achieve this, their special maintenance re- 
quirements must be understood and their inclusion in 
the training program must be made with a knowledge 
of their strengths and weaknesses. 

In the preliminary studies made by United Air Lines 
on the utilization of the simulator, it soon became ap- 
parent that a great deal of the value of the machines in 
the training program would depend upon the basic 
organizational, training, and maintenance policy that 
was adopted. The experience of Pan American with 
their Boeing 377 simulator, then at New York, and that 
of the British Overseas Airways Corporation’s similar 
type in London, as well as military experience, was 
drawn upon in this study. 

It was recognized that there would be two distinct 
types of flight officer training in the simulator—the 
proficiency training which involved the line crews ac- 
tually in schedule would be an addition to anything that 
was then being done, while that which involved basic 
transitional or upgrading training would be a substitute 
to some degree for the flying equipment itself. 

Accordingly, the plan adopted for transition training 
utilized the simulator much as an airplane, with the 
flight and flight engineer instructors using it in the 
same capacity as they were used in the aircraft. In 
other words, the simulator replaced the airplane in part. 
In the case of the line crews, a new instructor—the 
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Flight Simulator Instructor—came into being, and th, 
ranks have been filled from pilots who have had cop. 
siderable line flying experience. 

Another important innovation was adopted. In the 
qualification of an individual in basic transition or yp. 
grading training, it is of course essential and in keeping 
with the regulatory requirements of the CAA that 
grades be assigned in accordance with the quality of the 
work and to the end that there be a record that the jp. 
dividual has satisfactorily completed his rating. In the 
periodic proficiency training of line crews, it was decided 
that far more value would accrue if the marking of the 
individuals or the crews as a whole was eliminated. [y 
other words, they receive training until the standard js 
satisfied. This has proved to be one of the strongest 
features of this phase of the program. 

The instructor is able to meet with his crew not as q 
checker but on a basis of complete confidence, and the 
weaknesses, if any, of the individual can be worked on 
without his feeling that it is a showdown that will be 
held against him. Not only has this approach proved 
to be of enormous value in the selling of the line crews 
on the simulator program, but it has resulted in a 
marked improvement in intracockpit relations, crew 
organization, and standardization of the individuals. It 
must be remembered that labor contract requirements 
and crew assignment practices preclude the keeping to- 
gether of a flight crew for extended periods, emphasiz- 
ing thereby the necessity for as much standardization of 
functions as possible. 

The simulator operator, whose job at United is con- 
fined to the operation of the Nav-Aids and the keeping 
up of the simulated tower and ATC communications, 
is a promoted Link Trainer Operator with additional 
training to upgrade him to the more complex job in- 
volved with the flight simulator. He works completely 
under the instruction of the Flight Simulator Instructor 
who is the one responsible for the training session. 

Maintenance of the simulator was accepted as being 
different from the maintenance of anything else on the 
line. Accordingly, qualified electronic technicians were 
specially trained for the job and are assigned full time. 

Together with the programming of the progressive 
maintenance system, a project control was established 
under the direction of an electronics engineer to ensure 
that the simulators are modified and the projects com- 
pleted, keeping them up with the changes and modifica- 
tions being made to the fleet. Each adopted project 
for fleet improvement is studied to determine whether 
it should be included into the simulator as a project. 
Obviously those things that do not affect the cockpit or 
the controls, such as cabin changes, etc., receive no fur- 
ther consideration. A project, however, that involves 
new items of control—pitch angles of propellers, for 
instance, or the installation of a new item, such as the 
Martin bar in the DC-6 or other cockpit features—must 
be completed in the simulator along with the work on 
the fleet. It has been found that some proposed proj- 
ects for the airplane can best be installed first in the 
simulator for test and verification. By this procedure, 
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SAFETY AND ECONOMICS OF FLIGHT SIMULATORS is 


ieficiencies have been found and improvements made 
i. a most economical manner. 

The overall effectiveness of the organization is indi- 
cated by the completion of 16,500 hours of simulator 
instruction as of October 31, 1955, including the period 
of several months during which the training of per- 
gunel to instruct, operate, and maintain the simulators 
was done. This comprised a total of 74 simulator 
months with four machines, the first two having been 
put into service in February, 1954. The overall utiliza- 
tion during this period is 223 hours per month per simu- 
jator. Naturally as familiarity with the simulator and 
its application increased, the training utilization in- 
creased substantially as well. One problem that de- 
javed things materially was with the pilot labor con- 
tract. During this past year, the average utilization 
exceeded 300 hours per month per simulator, and for 
several months the one CV-340 simulator used exten- 
sively in basic and transitional flight training averaged 
over 400 hours a month, reaching a peak of 469. 

One of the first questions invariably asked about 
the simulator pertains to the size of the fleet necessary 
tojustify its purchase. Justification for such a machine 
can be either in the field of better trained flight per- 
sonnel or in that of economics. In the former case and 
considering that safety is of paramount importance, it 
can be said that, when the airplane is an extremely 
exacting type requiring the full attention on the part 
of its crew members, especially during instrument 
approach procedures or on take-off with the potential of 
an emergency, the simulator is essential for full training 
regardless of the size of the fleet. This is because the 
crews cannot be trained in all emergency procedures in 
the airplane alone, nor can a full appreciation of the 
need for crew specialization in certain configurations be 
gained other than in the simulator. In other words, 
the simulator does training, essential training, that 
under no circumstances can be performed in the air- 
plane itself.” 

In considering the economic justification of simulators 
and the ratio with the airplane fleet, there are too many 
variables to allow a rigid ratio to be expressed. These 
things are all taken into account in the development of 
the economic justification of the flight simulator on 
United Air Lines which follows. 

The various types of training taken more or less in 
the order in which they apply to a flight officer or a 
crew and the savings applied to the established and 
approved curricula which are possible with the simu- 
lator in comparison to the use of the airplane alone are 
found in the several diagrams. It must be realized 
that while it is generally considered that these compari- 
sons are based on an equivalent amount of training— 
airplane alone versus airplane and simulator—no such 
comparison actually is possible. This is because so 
much more in the way of crew and emergency training 
can be given in the simulator than is possible in the 
airplane. 

In establishing the curricula and the comparisons 
between the use of the airplane alone and the combina- 


tion of the airplane and the simulator, every attempt 
was made to be consistent. 

The DC-3 airplane was the first for which a CAA- 
approved training program was required. This was 
during the middle to late Thirties, and the per capita 
cost of flight crew member training per annum was 
about $700. The costs have increased steadily, rising 
rapidly after the close of the war to approximately three 
times that figure about 1950. As a general support for 
the spectacular savings to be noted, as well as the 
equally spectacular gains shown on the accompanying 
charts, it can now be said that the per capita cost has 
leveled out while the quality of the training and of the 
resulting product has continued to improve at a sub- 
stantial rate. 

Fig. 1 shows a comparison of the basic Flight En- 
gineer-First Officer training for the year 1956. Note 
that the direct savings amount to $876,000 and that 
credit of $716,000 is taken for potential earnings of air- 
planes that would otherwise be tied up in training. 
These gains are net for, in computing the saving of air- 
plane time, the actual out-of-pocket costs of the air- 
plane have been used, offset by the total costs of the 
simulator. In estimating the potential gains, only 
full-time assignment of airplanes for training purposes 
has been taken into account, and against the gross earn- 
ings the estimated direct costs of operation have been 
used as an offset. In addition to this, since such re- 
turns would directly be added to the profits, the profits 
tax has been deducted. It is noted that the savings 
and gain total $1,592,000 for the basic training course 
for 240 trainees, the 1956 estimated load. It must be 
noted here, however, that at no time have new trainees 
been put through the CV-340 qualification without the 


simulator. All preceding trainees had been DC-3 
qualified first. The airplane alone time is an estimate 
accordingly. 


Fig. 2 shows the upgrading training worked out on a 
basis similar to that for Fig. 1. Currently upgrading 
training is being given in the DC-3 airplane. This type 
of training not only is an obligation in the labor con- 
tract but has been found to be extremely valuable in 
determining the command potentialities of the copilot 
of some experience. It is given just before the expira- 
tion of 3 years after assignment as a copilot. The use 
of the Convair 340 in this type of training is new this 
year. Since it is one more step and could have been 
the ultimate step in the elimination of the DC-3 type 
of airplane from the operation, there are some savings 
that might have been taken into account because one 
type of airplane will be eliminated from the fleet. This 
has not been done. It is to be noted in this chart that 
the potential gains are rather low because the average 
earnings of this type of airplane are definitely lower 
than those of the four-engined type, largely because of 
a considerably lower utilization. The number of 
trainees involved, 240, is the estimated number for 1956. 

Fig. 3 shows the cost of transition training for the CV- 
340 airplane, estimating that 20 crews will be so trained 
during the year. The savings here are not spectacular, 
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BASIC FLIGHT ENGINEER-FIRST OFFICER TRAINING 
240 TRAINEES 


COMPARATIVE COSTS 
FLIGHT ENGINEER FLIGHT OFFICER \\POTENTIAL EARNINGS 
oc- CV- 340 PLANE HOURS SAVED 


DC-6 CVv-340 


$992,000 | 
$ 674,000 ¢ 
00 621,000 
$546,000 | — 
| | 
} | $244,000 
PLANE PLAI PLANE $95 0 
ONLY sim} 8 SI = 
I2HRSF 22HRSF 8 HRSF HOURS SAVE 
8 HRS ioHRSS 4140 
TRAINING COST SAVINGS $ 876,000 
POTENTIAL EARNINGS OF PLANE HOURS SAVED 716,000 
NET GAIN $ 1,592,000 
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UPGRADING TRAINING 
240 TRAINEES —CV-340 


COMPARATIVE COSTS POTENTIAL EARNINGS 


PLANE HOURS SAVED 
$812,000 : 
CV-340 
$ 492,000 
| 
PLANE PLANE | | $ 77,000 
ONLY | & SIM | 
18 HRS F 6HRSF_ || 2880 HRS SAVED 
12 HRS 
TRAINING COST SAVINGS $320,000 
POTENTIAL EARNINGS OF PLANE HOURS SAVED 77,000 | 
NET GAIN $ 397,000 


CV-340 TRANSITION TRAINING 
20 CREWS 


| 
COMPARATIVE COSTS | POTENTIAL EARNINGS 


PLANE HOURS SAVED 


$ 56,000 | 
$ 46.000 | CV-340 
| 
E $ 
ONLY & SIM. 4,800 
crew '5 HRS F 8 HRS F | 170 HRS SAVED 
10% HRS S 
TRAINING COST SAVINGS $10,000 
POTENTIAL EARNINGS OF PLANE HOURS SAVED 4,800 
NET GAIN $14,800 
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DC-6 TRANSITION TRAINING 

90 CREWS 
COMPARATIVE COSTS | POTENTIAL EARNINGS 
PLANE HOURS SAVED 


$316,000 | DC-6 
| 
$238,000 
| 
| 
| $114,000 
PLANE PLANE 
ONLY & SIM | 
‘PER 15 HRS F 8 HRS F | “764 HRS SAVED 
CREW | U 
HRS S | 
| TRAINING COST SAVINGS $ 78,000 
POTENTIAL EARNINGS OF PLANE HOURS SAVED 114,000 
NET GAIN $192,000 
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INSTRUMENT PROFICIENCY CHECKS 


0C-6 DC-7 CREWS 


CV-340 CREWS POTENTIAL EARNINGS 
948 CHECKS 


340 CHECKS PLANE HOURS SAVED 


$ COMPARATIVE COSTS 
333,000 474 Dc-6 DC-7 CREWS X 2 CHECKS 


PER YEAR 
170 CV-340 CREWS X 2 CHECKS 
PER YEAR 
$144,000 
$124,000 
$96,000 
$52,000 
PLAN. 


crew '¥2HRS 2 4HRS \¥2HRS 24HRS BIO HRS HRS 


SAVED SAVED 


TRAINING COSTS SAVED (LESS CREW EXPENSE ) $106,000 
POTENTIAL EARNINGS OF PLANE HOURS SAVED 


124,000 
NET GAIN 230,000 
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SUMMARY OF ECONOMIC GAINS 
BY USE OF SIMULATORS 
1956 TRAINING PROGRAM 


TRAINING COST EARNING POTENTIAL 


SAVINGS OF PLANE HRS. SAVED 
BASIC FLT. ENGINEER-FIRST OFFICER $876,000 $716,000 
UPGRADING 320,000 77,000 
DC-6 TRANSITION 78,000 114,000 
CV-340 TRANSITION 10,000 4,800 
INSTRUMENT PROFICIENCY CHECKS 106,000 124,000 
TOTALS $| , 390,000 $ | ,035,800 


COMBINED GAINS (ABOVE) 425,800 


LESS PAY AND EXPENSES OF 

644 DC-6, DC-7, CV-340 CREWS 

DURING FOUR DAYS (16 HRS) OF 

REFRESHER TRAINING IN SIMULATORS $ 254,000 


NET ECONOMIC GAIN $2,171,800 


INVESTMENT IN SIMULATORS AND FACILITIES THROUGH 1956 - 4 5,275,000 
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rgely because the great mass of training for this type 
of airplane has been completed and all new employees 
have been for the past year and will be in the future 
given their basic training in it. 

Fig. 4 shows the transition training of the DC-6 
type of airplane, estimating 90 crews. The estimate 
was made on the same basis as the preceding figures. 

Fig. 5 takes into account the costsof giving proficiency 
checks in the simulator in comparison to the cost in the 
airplane. This is a forecast figure, for the CAB has 
not as yet approved the procedure. Application for a 
change of regulation is about to be made. The basis of 
estimate is quite similar to the preceding figures except 
that the crew expenses involved in bringing the crews 
to the two Training Centers, Denver and Chicago, have 
been taken into account. The proficiency check in the 
airplane has ordinarily been given at the domicile 
without pay or expense. It is to be noted also that no 
credit for potential earnings is taken on the CV-340 
airplane. Again because of the low average hours of 
this type, no difficulty has been experienced in getting 
airplanes for check purposes. The contrary is true 
with the DC-6 where it has been necessary to assign 
an airplane for several months each year, rotating it 
among the various domiciles twice a year. Credit is 
here taken on the basis outlined earlier. 

Beginning the middle of this year, it is planned to 
give in connection with the semiannual proficiency 
checks an additional 16 hours of simulator instruction. 
In other words, each year two periods of 10 hours will 
be given to each crew which will include two 2-hour 
proficiency checks in the simulator. The cost of this 
additional training has been taken into the total figures 
shown in Fig. 6, a tabulation summing up these various 
gains. This estimate includes the crew expenses and 
salary for compensatory time off. 

Earlier it was mentioned that a DC-8 simulator was 
under consideration. It will be on order shortly. Since 
a flight simulator specifically represents a given air- 


plane, there is some hazard in ordering a simulator to 
be available before the airplane has been built and test 
flown. The advantages of having a simulator prelim- 
inary to the airplane, however, are so great, especially 
for an airplane that costs in excess of $5,000,000, that 
this risk will be taken. It is expected that the simulator 
will be in operation about a year before the first training 
airplane. A large part of the ability to embark on 
this program is due to the fact that the Douglas Air- 
craft Company, Inc., has available in great detail the 
expected performance of their airplane, and the experi- 
ence with their production has been so good as to 
indicate that, while modification of the simulator will 
be needed to some extent when the actual test data 
become available, it is not expected that the costs 
will be so great as to offset the potential savings and 
great value in training that would be lost if purchase of 
the simulator were delayed. 
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Excluding confidential sessions, a total of 17 
technical papers were presented at the JAS 
National Summer Meeting, June 18-21 in Los 
Angeles.* For the summary of these papers, the 
Institute and REVIEW are indebted to the various co. 
ordinators. Their reports follow—ED. 


A DIGEST OF SUMMER MEETING PAPERS 


Aerodynamic Heating (Aerodynamic 
Aspects) 
Chairman, Clark B. Millikan 
Director, Guggenheim Aeronautical Laboratory; 
Director, Southern California Cooperative Wind 
Tunnel, California Institute of Technology 
Carl Gazley, Jr., Coordinator 
Aerodynamicist, The RAND Corp. 


The first paper of the morning session, ‘‘The Problem of 


Aerodynamic Heating,” by E. R. van Driest, Research 
Specialist, of North American Aviation, Inc., considered the 
origin, as well as the consequences, of aerodynamic heating. 
Dr. van Driest reviewed the status of methods for predicting 
aerodynamic heating under various circumstances and in 
dicated important areas for future research. He also pre- 
sented some results of his own recent research on the effects 
of surface cooling in delaying boundary-layer transition. + 

The second paper, ‘‘Surface-Protection and Cooling Systems 
for High-Speed Flight,’ by D. J. Masson and Carl Gazley, 
Jr., Aerodynamicists, The RAND Corporation, discussed 
problems associated with protecting surface structure and in 
ternal compartments from the effects of severe aerodynamic 
heating rates. Dr. Masson and Dr. Gazley considered sys 
tems for both transient and steady-state situations. It was 
determined that, for the lower speed range, the use of a 
thickened metallic skin is the most efficient means of counter 
ing the surface aerodynamic heating. In this range, cooling 
of internal equipment by ultimate dissipation to atmospheric 
air was held most feasible. For higher flight speeds, surface 
protection was determined to be best accomplished by insu 
lation of the outer structure and internal cooling or by a 
transpiration or mass transfer system. Cooling of internal 
equipment in this range was held most efficiently accomplished 
by an expendable vaporizing coolant or by the thermal capac 
itv of the equipment and structure themselves. 

The last paper of the morning was ‘‘Experimental Hyper- 
ballistics,” by H. H. Kurzweg and R. E. Wilson of the Naval 
Ordnance Laboratory, and was presented by Dr. Kurzweg. 
The paper dealt with experimental techniques for simulating 
full-scale flight conditions in the atmosphere. In addition to 
the effects of viscosity and compressibility, familiar at lower 
speeds, chemical effects become important at hypersonic 

*The majority of these papers are being published in full in the 
REVIEW and are also available in preprint form (see p. 329 of the 
September issue). 

{ For the complete paper, see pp. 26-41 of this issue. 


AS SUMMER MEETING BECAME AIR BORNE. Many 
were the huddles such as this as the Technical Sessions of the Insti- 
tute got under way in Los Angeles in June. Several figures prom- 
inent in the first session, on Aerodynamic Heating (Aerodynamic 

spects), are pictured above. Shown standing around Clark B. 
Millikan, Session Chairman, are (left to right) H. H. Kurzwes, 
D. J. Masson, and E. R. van Driest, all of whom presented papers. 


speeds. The use of such experimental facilities as wind 
tunnels, shock tunnels, and aerodynamics ranges was dis- 
cussed. The operation and advantages of light-gas guns asa 
model-launching device were described. Experimental re- 
sults from several of the NOL facilities were given. 


Aerodynamic Heating (Structural 
Aspects) 


Chairman, William F. Ballhaus 
Chief Engineer, Northrop Aircraft, Inc. 


Carl Gazley, Jr., Coordinator 
Aerodynamicist, The RAND Corp. 


The afternoon session started with the paper, “A Re 
Evaluation of Some Air-Frame Thermal Problems,’ by 
Norris E. Dow, Structures Engineer, Special Defense Prod- 
ucts Division, General Electric Company. Mr. Dow sut- 
veyed some of the aspects of elevated temperature structural 
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design and evaluated their relative importance. He con- 
dered such factors as thermal stresses, creep, and heat ab- 
sorption and concluded that many of the second-order effects, 
neglected in first approximations, tend to be beneficial. 
therefore, many of the problems may not be so serious as has 
heen anticipated. 

The paper, ‘Performance of Materials at Elevated Tem- 
peratures for Aircraft and Missile Application,” by Alan V. 
Levy, Chief, Materials Group, Marquardt Aircraft Company, 
was withdrawn shortly before the meeting for security reasons, 
and Clyde W. King, of North American Aviation, Inc., 
kindly consented to present a paper on ‘‘The Creep Buckling 
of Aluminum-Alloy Plates at Elevated Temperature.”’ This 
paper reported a series of creep-buckling tests on flat panels 
of the integral skin-stringer type of construction of 2024-T4 
and 7075-T6 material. Each material was tested at four 
temperatures with stress levels selected to cause creep fail- 
ures at times less than 200 hours. The results were corre- 
lated with the master rupture parameter to indicate the life- 
time similarities for tension and compression failures. Design 
charts were presented for both 2024-T4 and 7075-T6 as con- 
stant times of buckling failure as a function of stress and 
temperature. 

Lewis H. Abraham, Chief, Missiles Strength Group, Doug- 
las Aircraft Company, Inc., discussed several methods of sim- 
ulating aerodynamic heating of structures in his paper—last 
of the session—‘‘Techniques and Problems in Testing Struc- 
tures at Elevated Temperatures.’’ It was pointed out that 
present experimental facilities do not allow simulation of the 
extremely high aerodynamic heating rates occurring for com- 
binations of hypersonic speeds and low altitudes. Mr. 
Abraham stressed the importance of close simulation of the 
loading cycle, as well as aerodynamic heating. Unless the 
loading rates and times of application are closely approxi- 
mated, the resulting test data can be excessively conservative, 
he pointed out. 


Operation of Large Turbine-Powered 
Aircraft 
Chairman, E. F. Burton 
Chief Engineer, Santa Monica Division, Douglas Aircraft 
Company, Inc. 
C.R. Crantrell, Coordinator 
Aerodynamicist, California Division, Lockheed Aircraft 
Corp. 


This session was intended to convey some of the jet opera- 
tional experience of the Strategic Air Command to the com- 
mercial air lines of the United States soon to commence in- 
troduction of turbine-powered aircraft fleets. Principal 
speaker was Col. Richard E. Evans, Deputy Director of 
Tactical Requirements, Headquarters, SAC. Prepared com- 
ments were delivered by W. E. Rhoades, Manager of Engi- 
neering, Flight Test, United Air Lines, Inc., and Sydney 
Serebrney, Chief Technical Meteorologist, Pacific Division, 
Pan American World Airways, Inc. 

Colonel Evans’ paper was entitled ‘“‘Operational Aspects of 
the SAC Transition to Jets’’ and discussed the ‘‘growing 
pains” associated with the conversion from prop-driven to 
jet-powered fleets in the light of their application to the future 
operation of commercial jet and turboprop transports. Per- 
formance characteristics of the B-47 were used to illustrate 
the fundamental effects of turbine power on flight planning 
and clearance and on take-off, climb, cruise, and let-down and 
approach procedures. Winds and wind forecasting at jet 
altitudes were discussed, as were icing, turbulence, and the 
capabilities of radio and radar and their application to navi- 
gation and the airways’ traffic control problem. Also re- 
viewed were some of the characteristics of swept-wing air- 
craft and their effects on flying qualities and piloting tech- 
niques. 


77 


In discussing take-off characteristics, Colonel Evans made 
the point that a reliable indication of the airplane's actual 
acceleration is required early in the take-off run. The 
“critical field length’’ does not take into account adverse 
effects of reverse thrust, brake failure, blown tires, unusual 
runway surface condition, or pilot indecision at the ‘‘critical 
refusal speed.’”’ The requirement is for an accelerometer 
which will total all the variables which might adversely 
affect the take-off run and will give the pilot an early ‘‘go-no- 
go” presentation. (The NACA has developed such a device 
and is currently testing it on a SAC B-47.) 

Except for winds, weather phenomena at jet altitudes are 
not significant, Colonel Evans stated. At jet operating 
altitudes, 50-knot winds are the order of the day, 100-knot 
winds are frequent, and 150-knot winds are routinely en- 
countered. The SAC has learned to plot with acceptable 
accuracy the general wind pattern, but it is difficult to predict 
for a specific time the exact position of the jet streams, both 
laterally and vertically. For this reason, continuous checks 
are required on ground speed and course when operating near 
the jet streams, and mapping radar is considered an essential 
item of navigation equipment for modern, long-range jet 
aircraft. 

Weather at destination and alternate airports takes on a 
new significance for jet aircraft, since it must be accurately 
forecast well in advance. SAC has solved this problem by 
setting up a UHF pilot-to-forecaster frequency and by re- 
quiring the forecaster to take continuous cognizance of the 
weather during periods when the ceiling or visibility is down 
to certain established levels. 

As for the airways’ traffic control problem, there is little or 
no delay in traffic under VFR conditions. A system is 
needed, Colonel Evans said, which would permit’an airplane 
to clear “‘VFR” under instrument conditions—that is, put the 
air surveillance radar in the cockpit rather than in the traffic 
control tower. We are already well out on the learning curve 
for the development of a device to see through restrictions to 
visibility, and Colonel Evans stated that this development 
should be pushed. 

Colonel Evans pointed out that the newer SAC bombers and 
the coming turbine-powered air liners will incorporate many 
advances over the first generation of jet aircraft which will 
make jet flying much simpler and safer. But commercial 
and military operators alike are still faced with one of the 
biggest problems of all—noise. Colonel Evans concluded 
that, if the air lines can solve this one, ‘‘flving the jets will be 
a breeze.” 

Mr. Rhoades, of United Air Lines, acknowledged in his 
remarks the great benefit to the commercial operators of the 
pioneering work done by the military. Mr. Rhoades went on 
to point out, however, that the air lines are out to make 
money, and this consideration affects the best solutions to the 
turbine-powered aircraft operational problems, from the 
commercial as opposed to the military viewpoint. 

To fulfill their schedules with acceptable regularity, the air 
lines must be equipped to operate consistently under gener- 
ally lower weather minimums. Also, to avoid passenger in- 
convenience by diverting to alternate destinations, the com- 
mercial transports will hold at lower altitudes and in greater 
traffic congestion. Because their mission is not primarily a 
long-range one, the commercial operators find their optimum 
economics at lower cruise altitudes: in the order of 28,000 
ft. for domestic route structures, with 35,000 ft. as a maxi- 
mum altitude for some time to come. These considerations 
will affect the severity of icing problems, reserve fuel allow- 
ances, visual aids at airports and in the cockpit, weather mini- 
mums, descent procedures, and the airways’ traffic control 
problem. 

Mr. Serebrney, of Pacific Division, Pan American World 
Airways, in commenting on Colonel Evans’ paper, made the 
point that, with their new high-speed, high-altitude turbine 
equipment, the air lines stand to make or lose a lot of money 
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from the winds—the jet streams. As noted by Colonel 
Evans, we are not yet able to predict the jet streams with 
acceptable accuracy. Mr. Serebrney said that there are two 
kinds of jet streams known to Pan American pilots: the 
ones that are tailwinds, and those “‘blankety-blank jet streams 
of the forecaster’s.”’ 

Although the general pattern of the jet streams’ flow 
around the world is known, it is in their precise forecasting for 
specific periods that much remains to be done. That the 
streams can vary markedly and unexpectedly over short 
periods of time and space, in both velocity and direction, was 
cited by Mr. Serebrney with examples from the flight logs of 
a BOAC Comet flying between Tokyo and Hong Kong. 

Pan American flights have obtained wind and outside air 
temperature data at 10-min. intervals when operating near 
the jet streams; the data show a definite correlation, but the 
trend of velocity change with temperature change can be re 
versed under differing atmospheric conditions, within small 
geographic regions. It is in this area that a great deal of re 
search must be done, and much will be done by the commer- 
cial operators. 

Since the winds at altitude are a potential source of great 
economic gain or loss, Mr. Serebrney concluded, their proper 
utilization is one of the most challenging operational prob 
lems of the commercial jet age. 


Low-Speed Flight 

Chairman, Jim Hong 
Aerodynamics Division Engineer, Lockheed Aircraft 
Corp. 

C. R. Cantrell, Coordinator 


Aerodynamicist, California Division, Lockheed Aircraft 
Corp. 


The Low-Speed Flight session was included in the 1956 
National Summer Meeting to focus attention on an area of 
aeronautical development which is easily overlooked at a 
time when such great progress is being made at the high end 
of the flight speed regime. Attention was devoted principally 
to recent developments in STOL and VTOL aircraft, and the 
session included papers by representatives of the aircraft in- 
dustry, the U.S. Army, and an academic research institution. 

The scheduled chairman of the session, Philip Colman, of 
Lockheed Aircraft Corporation, was unable to attend, and 
his place was ably filled by Jim Hong, Aerodynamics Division 
Engineer at the California Division of Lockheed. In his 
opening remarks, Mr. Hong noted that the dream of aircraft 
designers has long been to produce an ‘‘everyman’s airplane” 
and that the backyard operational requirements of such an 
aircraft might well be solved by the true VTOL type. This 
adds even more emphasis to the already great possibilities of 
the STOL and VTOL types with high-speed capabilities for 
military and commercial applications. 

The first paper was ‘““VTOL Fixed-Wing Aircraft,’’ by Ken 
S. Coward, Preliminary Design Engineer, Ryan Aeronautical 
Company. It was presented by Mr. Coward and stressed 
the fact that fixed-wing vertical take-off aircraft demonstrate 
the vertical operation capability of the helicopter while re- 
taining the speed and altitude advantages of the airplane. 
The spectrum of the VTOL fixed-wing types includes tail 
setters, ducted propellers (flying platforms), tilt engine, tilt 
wing (tilt fuselage), and deflected slipstream. Mr. Coward 
briefly discussed each type and reviewed basic physical con- 
siderations involved in the development of static thrust and 
lifting and hovering ability. 

Aside from their jet VTOL design, the Ryan Aeronautical 
Company has concentrated on the deflected slipstream prin- 
ciple. Mr. Coward described some recent development work 
done at Ryan, including full-scale testing of the deflected 
slipstream principle to verify the model work performed by 
the NACA. Tests of a wing, engine, and propeller combina- 
tion showed the slipstream to be deflected through a range of 


angles from approximately 61 to 75 deg. The complement 
this angle is that through which the airplane must be tilteg 
to accomplish a vertical take-off. 

Ryan has also conducted tests to determine the effect of re. 
ducing propeller blade twist, beneficial for static thrust, on the 
propulsive efficiency in forward, cruising flight. Spee¢. 
power flight tests were run on a standard propeller for the 
Navion airplane and on a propeller with one half of the origi. 
nal twist. The tests indicated no noticeable difference jy 
propulsive efficiency resulting from untwisting the propeller 
There was evidence that the climb performance was actually 
improved by the untwisting process. Thus it appears that 
propeller twist, long held sacred by propeller designers, can be 
varied to increase static thrust for STOL or VTOL operation 
without serious effect on level-flight, cruise efficiency. Mr 
Coward made the point that increased experimental work 
should be devoted to increasing propeller static thrust. 

Mr. Coward concluded that the fixed-wing propeller types 
utilizing the deflected slipstream principle for VTOL capa. 
bility are feasible and briefly discussed the attendant prob. 
lems of power-plant failure during take-off and stability and 
control in the critical hovering and transition phases of flight, 
There are many avenues open to the solution of these prob- 
lems, and pay-load - range analyses of the type lead to the 
conclusion that the possibilities for a truly universal aircraft 
are tremendous and that it will soon be a reality. 

The second paper, ‘““STOL and VTOL Aircraft in the Air 
Mobile Army,’’ was prepared and presented by Lt. Col. 
Michael J. Strok, Project Officer in the Aircraft and Electron- 
ics Division, Office of the Chief of Research and Develop- 
ment, Department of the Army. Colonel Strok defined the 
combat mission of the Army, described how the airplane fits 
into that mission, and indicated how the mission dictates the 
operational and logistic characteristics of the acceptable 
Army air vehicle. 

The airplane, in its many forms, must fulfill four broad 
mission areas in the combat Army: battle area mobility, ob- 
servation and reconnaissance, artillery fire control, and battle 
area rescue and evacuation. These missions must be ful- 
filled independently of environment and terrain—i.e., without 
dependence upon prepared take-off and landing areas. Since 
the Army airplane must live and operate under round-the- 
clock combat conditions, it must be simple and easy to main- 
tain and must possess a high degree of reliability. Colonel 
Strok made the point that, although economy of operation is of 
great importance in combat areas, from the military customer's 
viewpoint the primary consideration must be reliability 
and maintainability. In the expanded battle areas typical of 
atomic-age warfare, the Army airplane must also possess the 
pay-load, speed, and range capabilities typical of the efficient, 
fixed-wing aircraft. 

With the Army combat mission dictating the operational 
and logistic requirements, Colonel Strok defined the adequate 
Army air vehicle as a wide speed range aircraft with STOL and 
VTOL performance. The choice of STOL or VTOL will be 
largely determined by the specific mission application. At 
the present time, a STOL aircraft may be defined as one with 
500-ft. take-off and landing capabilities over a 50-ft. obstacle 
when operating from unprepared terrain under NACA 
standard conditions, as the minimum acceptable for most 
missions. A true VTOL capability is required for certain 
specialized missions within the four broad mission areas pre- 
viously discussed. 

The helicopter has become an essential item of Army 
equipment, and continued development effort is under way 
to increase its pay load, range, speed, reliability, and main- 
tainability with lower initial and operating costs. New 
VTOL aircraft, however, with the greater capabilities of the 
efficient, fixed-wing design, may well give the latter type a de- 
cisive advantage within the next several years. Colonel 
Strok drew the conclusion that the Army’s helicopter experi- 
ence should be used as a guide not only for the design and 
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manufacture of new helicopters but particularly for practical 
sfOL and VTOL designs for both military and civil use. 

Colonel Strok suggested several research and development 
yeas essential to the realization of practical STOL and 
TOL designs that will fulfill the requirements of the Army 
wombat air vehicle. Among these are basic research and de- 
velopment to improve gas-turbine engine power-to-weight 
ratios and fuel specifics and to increase simplicity of control. 
Increases in propulsive efficiency over the entire flight speed 
range, particularly static efficiency of propellers for some of 
the VTOL types, are necessary. Ducted propellers or fans as 
ameans of increasing static thrust require more investigation 
to understand the mechanism of airflow and thrust generation. 
Maximum flotation, high-energy-absorption landing gears are 
anecessity yet to be achieved. Boundary-layer control sys- 
tems offer encouraging possibilities for achieving practical 
sow-speed, vertical-lift aircraft. 

The potential of practical STOL and VTOL aircraft in civil 
as well as military use, Colonel Strok concluded, is suffi- 
ciently great that it offers a real development challenge to all 
inindustry who recognize the opportunity. 

The third and final paper was entitled “Lift on a Wing in a 
Propeller Slipstream as Related to Low-Speed Flight” and 
was prepared and presented by Scott Rethorst, a recent 
graduate student in Aeronautics at the California Institute of 
Technology. Dr. Rethorst’s paper presented an analytical 
slution for the lift of a wing in a propeller slipstream which 
agrees closely with experimental data. Since no previous 
theory has adequately predicted the lift of wing-slipstream 
combinations, this method should provide an important con- 
tribution in this area. It is of particular importance, of 
course, in the low-speed flight regime of STOL and VTOL 
aircraft. 

Dr. Rethorst’s paper was based upon his Ph.D. thesis, re- 
cently completed at Caltech, and a complete mathematical 
treatment is being offered to the JOURNAL OF THE AERONAU- 
TICAL SCIENCES for publication. The present paper* pre- 
sented a description of the problem, an outline of the method 
of attack, a comparison with experiment of the theoretical re- 
sults obtained, and an indication of how the results may be 
applied to design. 

Previous solutions for the lift of wings in propeller slip- 
streams have been based on lifting line and slender body 
theory, and the two results bracketed the experimental data. 
Dr. Rethorst’s method utilizes lifting surface theory to cal- 
culate the downwash at all points in space caused by the 
combined wing-slipstream flow fields. The downwash values 
may then be inserted into a suitable lifting surface theory, 
such as that of Weissinger, to obtain the final results, which 
are the magnitude and distribution of the lift of the wing- 
slipstream combination. The method also provides the val- 
ues of downwash in the regions of tail surfaces and thus con- 
tributes toward the handling of the critical stability and con- 
trol problems in STOL and VTOL configurations. 

The results presented in Dr. Rethorst’s paper may be ap- 
plied to design at the present time. Data are already pro- 
grammed for the IBM Type-701 calculating equipment which 
will provide values of downwash anywhere in space caused by 
a given wing-slipstream configuration, at all slipstream 
velocity ratios. A detailed outline of the application of the 
method to design will be included in the paper being offered 
for publication. 

Perhaps the greatest contribution of this method, however, 
is that the availability of an analytical solution now permits 
the employment of optimization techniques so that the wing- 
slipstream geometry which will provide the greatest lift, or 
the optimum STOL characteristics, may be determined as a 
function of general design parameters, such as wing loading 
and power loading. These techniques should appreciably 
strengthen our attack on the problems of low-speed flight. 


*See pp. 42-48 of this issue. 


Economics 


Chairman, L. E. Root 
Director, Development Planning, Lockheed Aircraft 
Corp. 


Frederick H. Green, Coordinator 
AiResearch Manufacturing Co., Division of The Garrett 
Corp. 


The general ‘economic outlook for the aircraft industry is 
good, although brief periods of adjustment may occur and a 
certain amount of uncertainty of necessity will continue as an 
ingredient in the recipe for continued growth. 


That appeared to be the consensus of three papers pre- 
sented at the Economics session. Titles were ‘‘An Economist 
Looks at the Aircraft Industry,’’ by George A. Steiner, Senior 
Economic Adviser, Development Planning, Lockheed Air- 
craft Corp.; ‘‘Air Force Logistics—Some Recent Develop- 
ments,”’ by Allen R. Ferguson, Acting Chief, Logistics 
Branch, The RAND Corp.; and ‘‘Passenger Air Line Econom- 
ics,’ by Lloyd B. Aschenbeck, Route Study Engineer, 
Douglas Aircraft Company, Inc. 


Mr. Steiner foresaw two major economic developments 
likely to be of importance to the aircraft industry over the 
next 10 to 20 years: (1) the level and stability of national 
economic activity, where the long-range outlook is for a rising 
sross National Product with no major depressions or price in- 
flations; and (2) the way the East-West conflict is reflected in 
federal aircraft expenditures, where no important reduction 
of defense efforts is foreseen. 


Mr. Steiner said that the two trends indicate that individual 
corporations may look forward to more stable growth with 
demand for products relatively high and reasonably steady 
for many years in the future. Comparatively high level and 
stable demand, he said, also may generate stiffer competition. 


The speaker forecast that the military will be more cost- 
conscious, which may take the form of increased competition 
in procurement, a movement toward more fixed-price con- 
tracts, the extraction of more performance guarantees, 
stricter and less liberal facility contracts, and other methods 
to control better costs of military equipment. 


Commercial customers, too, he said, will be more concerned 
about costs in the future, observing that, in the transport 
area, service costs are not so important as rising population 
and national income in lifting demand. He warned, however, 
that if service costs are to fall to the point where important 
inroads are to be made upon travel by passenger automobiles, 
particularly in the shorter hauls, cost of equipment per 
passenger-mile must drop sharply. 


Mr. Steiner also saw pressures for reduced costs springing 
from company managements. He said that productivity of 
the nation’s manpower is rising, and one can expect that 
wage rates, particularly in the mass production industries, 
will at least reflect these gains in productivity. ‘In the 
future, as in the past,’”’ Mr. Steiner said, “‘such wage-rate in- 
creases will reflect in collective bargaining in the air-frame in- 
dustry. If management of the air-frame industry does not 
match these wage-rate increases with increased productivity, 
the price of airplanes will for this reason alone rise while the 
comparable price of competing means of transport remains 
constant or falls.”’ 


The recent developments discussed in the Ferguson paper 
were steps necessary for the logistics system to perform its 
function in the environment of the early 1960’s—the intro- 
duction of improved logistics policies, the role of airlift, and 
the maintenance of control over Air Force assets. 


Mr. Ferguson forecast that the decade, for the Air Force, 
will be one of great technical complexity and of military un- 
certainty and risk. The logistics system, he said, will have 
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to support both manned aircraft and unmanned missiles in 
large numbers and hundreds of remotely located radar sites, 
It must be ready, he warned, to support any of many kinds of 
war. 

The paper continues with a discussion of the requirements 
that the various kinds of possible wars throw upon the com- 
bat elements of the Air Force and logistics. Mr. Ferguson 
cautioned that the assumption must be that any day can be 
D-Day—meaning that the logistics system has to be in being 
and ready in peacetime and that a maximum of the aircraft 
in the inventory should be combat-ready at all times 

Regarding new logistics policies, Mr. Ferguson said that re 
search is under way on such problems as whether it is more 
economical to buy additional logistics support to reduce the 
number of aircraft out of commission while undergoing or 
awaiting modification, repair, or supply, or whether it would 
be more economical to purchase more aircraft to have the 
desired number of planes combat-ready. 


Mr. Ferguson’s paper described the revision of logistics 
data processing as a major development of great importance 
in meeting the operational needs of the 1960’s. He asserted 
that business data processing machines have made available 
to logistics these new capabilities: great speed of computa- 
tion, great capacity for storing information, rapid access to 
stored information, and high accuracy. 


The paper also tells of a new system which is under de- 
velopment by the Air Material Command with technical 
assistance from The RAND Corporation and which has as its 
core data processing centers linked by appropriate communi 
cation nets to the bases, storage depots, various command 
organizations, and contractors. The following is an example 
of the efficiency of this system: Once a part is issued, a single 
punch card would be prepared at the using base and fed into 
the computer at the center which would automatically reduce 
the recorded inventory of that part, compare the new bal- 
ance with the resupply level, and—if the base now had ‘‘too 
few’’ of that part—the machine would check the stocks 
available at the storage depots or at bases with relative sur- 
pluses. Then, in accordance with the rules prescribed, the 
machine would prepare and transmit a shipping order direct 
ing a shipment of that part to that base from an appropriate 
source. 

The Aschenbeck paper analyzed passenger air-line eco 
nomics, using for demonstration the problem of traffic forecast- 
ing. The transportation industry was considered in its 
place in the economic background of the entire country. A 
chart of the American economy, showing where the money 
came from (Gross National Product) and how it was spent, 
pointed out that in 1954 approximately 9 cents of each Na- 
tional Income Dollar was spent on travel. It was also shown 
not only that air-line travel is competing with other travel 
mediums but that travel is competing also with other indus- 
tries. 

Mr. Aschenbeck estimated that by 1960 air will account for 
nearly 50 per cent of total United States common carrier 
travel—55 per cent in 1965. It is asserted that the air lines 
have made sufficient aircraft purchases today so that by 
1960 they will have the equipment available to handle most of 
the market potentials. But, after a demonstration of the 
method of predicting the demand for air travel in terms of 
“seat miles,’’ it was shown that the demand will exceed supply 
by 1965. 

The basic economy of the various regions served by the air 
lines was listed as another factor in the problem of traffic 
forecasting. Large shifts in population, as well as the increase 
in population and in the new industries springing up, are de- 
scribed as having a tremendous effect on the changing eco- 
nomics of a given marketing area. 


1956 


Sociological Influences of Aviation 
Chairman, Robert E. Gross 


President and Chairman of the Board, Lockheed Aireraj, 
Corp. 


Frederick H. Green, Coordinator 

AiResearch Manufacturing Co., Division of The Garrey 

Corp. 

The first paper of this session, ‘‘Aviation: Enhancement gj 
the Political and Cultural Stature of Man,” by Bruce Camp. 
bell Hopper, Professor of Transportation, Harvard Univer. 
sity, described man as an air animal, with a trail of evolutioy 
from the habitat of land folk through sea folk to air folk 
Enlargement of his mobility dictates new concepts of exist. 
ence. 

For instance, in world politics, acceleration of the inter. 
national exchange of peoples and goods spreads the contagion 
of free self-government. Rapid facilities for consultation by 
ministers of state and effective sharing of technological a¢. 
vance—tools and weapons—lessen the possibility of war by 
reducing fear to a more manageable scale. As a result, man 
as a political animal, may move to the first task of the air age 

making the planet viable. 

The paper held that competitive coexistence, and the r- 
valry to hasten imperative adjustments to remedy the law of 
uneven development of nations, makes possible unprece. 
dented advances toward the sublimation of war instincts to the 
general cause of further conquest of the forces of nature and 
of man in society. Therefore, the paper concluded, man—as 
a reasoning animal—may move to the second task of the air 
age. This is described as ‘controlling his own destiny.” 

In consequence, the adaptation of new concepts to new 
capacities creates the requirement of a working balance be- 
tween man’s know-how and his know-why—between the 
technical and the spiritual man. The result of the quest 
might well be formulation of a new moral philosophy to give 
man an invisible means of support as he acquires a new di- 
mension, a longer vision, and a new personality with a larger 
soul. 

The second paper in this session was ‘‘The Economic Im- 
pact of Air Transportation,’’ by George P. Baker, Professor of 
Transportation, Harvard Graduate School of Business Ad- 
ministration, and President, Transportation Association of 
America. It first treated the subject of air transportation in 
terms of its impact as a purchaser of goods and labor and 
traced the history of the industry from a state of Government 
dependency to one of almost complete self-sufficiency over a 
limited period of years. Although the rate of growth isa 
most striking feature, the impact of the industry on the total 
economy as a purchaser of goods and services was not con- 
sidered one of its notable characteristics. 

However, the impact of air transportation as a producer of 
transport of various kinds was felt to have been most signifi- 
cant. Figures were given which show the terrific inroads 
made on the intercity public carrier passenger-miles by the air 
lines. Reasons why the air lines have barely made a dent in 
the vast short-haul intercity market of trips of less than 250 
miles were given as follows: the time it takes to travel over 
congested highways between city and airport, the desire to 
have a car at destination, the disregard of cost when people 
choose between the use of automobile and other modes of 
travel, and the ease—in spite of all the criticism—of most 
commuter travel by rail. 

The impact of air transportation as both a domestic and 
an international carrier has been primarily in its role as a 
carrier of passengers. As a hauler of freight, its impact has 
been inconsequential in terms of ton-miles handled in com- 
parison with other forms of transport. The author feels that 
the future development of air cargo will center around the slow 
realization by businessmen that their distribution costs 
should be considered as a package and that transport cost is 
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agly one part of this package which includes the costs of 
yansporting, of warehousing, and of inventory. 

The paper concluded with a discussion of the impact of 
ir transportation on the ways of doing business in our econ- 
omy. The airplane has brought about some striking changes 
in the manner of running a business. With its speed, indus- 
tries can decentralize physical properties and maintain 
dosely centralized management control at the same time. 
Executives can keep in even closer touch with developments 
within both their own company and their industry as well. 
Itis felt that the ability to spread the most able people over 
4 broader business area must have some definite plus effect 
on the ability of the nation to combine land, labor, and 
capital more efficiently in the production of goods and serv- 
ices. 


Advanced Techniques 


Chairman, Milton U. Clauser 
Director, Aeronautical Research Laboratory, The 
Ramo-Wooldridge Corp. 


D. D. Warner, Coordinator 
Northrop Aircraft, Inc. 


This session was opened by Dr. Clauser with a brief dis- 
cussion of progress made in nuclear power plants and of 
problems confronting industry in the design of suitable shield- 
ing. He then introduced A. P. Fraas, Principal Design Engi- 


neer, Oak Ridge National Laboratory, who presented a 
paper on ‘‘Aircraft Design Considerations Associated with 
Shielding for Aircraft Nuclear Power Plants.’’ Mr. Fraas de- 
scribed problems of designing a shield for an atomic power 
plant to limit radiation to a safe level for aircraft applications. 
He covered the requirements for shielding materials and their 
ability to absorb the principal types of radiation. He con- 
cluded with a typical example of the weight of shielding re- 
quired for a small nuclear power plant.* 

. The second paper was presented by William M. Kauffman, 
Aeronautical Research Scientist, of the NACA Ames Aeronau- 
tical Laboratory, on ‘‘Flight Application of Target-Simulator 
Principles.’’ Mr. Kauffman covered the principal applica- 
tions of target simulators to the flight testing of military air- 
craft. They included an air-borne target simulator for use 
with an optical gunsight, an air-borne target simulator for use 
with an oscilloscope-presentation fire control system, con- 
version of the original optical target simulator to represent a 
drone aircraft under the control of the pilot, and application 
of maneuver programing and display features to operational 
instrument flight problems. 

Prepared comments were given by John Cummins, Gen- 
eral Supervisor of Fire Control Radar, Northrop Aircraft, 
Inc., who brought out a need for inserting the target signal at 
a point in the system where a maximum number of the fire 
control system modules would be checked out. 


*For the complete paper, see pp. 39-43 of the September 
issue. 


Non- 
Member member 
No. Price Price 
FF-14 Engineering Management Philosophies 
(A Symposium). $0.50 $1.00 
FF-13 The Floating Integrating Gyro and Its 
Application to Geometrical Stabili- 
zation Problems on Moving Bases— 
C. S. Draper, W. Wrigley, and L. R. 
Grohe. 1.00 1.50 
FF-12 Transonic Testing Techniques (A Sym- 
posium). 1.85 2.50 


FF-11. Wetted Area and Center of Pressure of 

Planing Surfaces at Very Low Speed 

Coefficients — Experimental Towing 
Tank, Stevens Institute of Technology. 1.20 1.60 

Improved Solutions of the Falkner and 

Skan Boundary-Layer Equation—A. 
O. Smith. 0.75 1.25 

FF-9 A Hydrodynamic Study of the Chines- 

Dry Planing Body—Experimental 

Towing Tank, Stevens Institute of 
Technology. 1.20 1.60 

FF-8 Compressive Buckling of Plates Due to 


Forced Crippling of Stiffeners, Parts ! 
and Ii—P. P. Bijlaard and G. S. John- 


FF-10 


ston. 1.30 2.00 
FF-7 Natural Flight and Related Aeronau- 
tics—James L. G. Fitz Patrick. 2.65 3.50 


FF-6 Wetted Length and Center of Pressure 

of Vee-Step Planing Surfaces—Ex- 

perimental Towing Tank, Stevens In- 

stitute of Technology. 1.20 1.60 
FF-4 Finite Deflections of Curved Sandwich 

Plates and Sandwich Cylinders—F. 

K. Teichmann and Chi-Teh Wang. 0.50 0.85 
FF-3 The Penetration of a Fluid Surface by 4 

Wedge—Experimental Towing Tank, 

Stevens Institute of Technology. 1.20 1.60 
FF-2 A Study of the Flow, Pressures, and 

Loads Pertaining to Prismatic Vee- 

Planing Surfaces—Experimental Tow- 

ing Tank, Stevens Institute of Tech- 


nology. 1.20 1.60 
AHS-1 Helicopter Flight Research at NACA, 

Langley—Jack P. Reeder. 0.35 0.75 
286 Linearized Treatment of Supersonic Flow 


Through Axi-Symmetric Ducts with 
Prescribed Wall Contours—Charles 
E. Mack, Jr., and Ignace |. Kolodner. 0.75 1.25 


Sherman M. Fairchild Publication Fund Papers 


Papers should be ordered by number from: Publications Dept., 1.A.S., Inc., 2 East 64th St., N.Y. 21, N.Y. 


Non- 
Member member 
No. Price Price 
244 Wetted Area and Center of Pressure of 
Planing Surfaces—Experimental Tow- 
ing Tank, Stevens Institute of Tech- 
nology. $0.75 $1.00 


229 Wave Prohle of a Vee-Planing Surface, 

Including Test Data on a 30° Dead- 

rise Surface—Experimental Towing 

Tank, Stevens Institute of Technology. 1.20 1.60 
170 Wave Contours in the Wake of a 10° 

Deadrise Surface—Experi- 

mental Towing Tank, Stevens Insti- 

tute of Technology. 1.20 1.60 
169 The Discontinuous Fluid Flow Past an Im- 

mersed Wedge—Experimental Tow- 

ing Tank, Stevens Institute of Tech- 

nology. 0.75 1.00 
168 Wave Contours in the Wake of a 20° 

Deadrise Surface—Experi- 

mental Towing Tank, Stevens Insti- 

tute of Technology. 1.20 1.60 
167 On the Pressure Distribution for a 

Wedge Penetrating a Fluid Surface— 

Experimental Towing Tank, Stevens 

Institute of Technology. 0.75 1.00 
166 An Analysis of the Fluid Flow in the 

Spray Root and Wake Regions of 

Flat Planing Surfaces—Experimental 

Towing Tank, Stevens Institute of 


Technology. 1.20 1.60 
165 Theory and Practice of Sandwich Con- 
struction in Aircraft (A Symposium). 1.85 2.50 


126 External Sound Levels of Aircraft—R. 
L. Field, T. M. Edwards, Pell Kangas, 


and G. L. Pigman. 0.75 1.00 
106 Measurement of Ambient Air Tempera- 

ture in Flight—W. Levern Howland. 0.35 0.50 
104 Tensor Analysis of Aircraft Structural 

Vibration—Charles E. Mack, Jr. 1.85 2.50 


102 Electrical Resistance Strain Gages Ap- 


plied to Wind-Tunnel Balances— 

Elmer C. Lundquist. 0.60 0.80 
101 Introduction to Shock Wave Theory—J. 

G. Coffin. 2.65 3.50 
100 Blade Pitching Moments of a Two- 

Bladed Rotor—R. W. Allen. 0.75 1.00 
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IAS News 


(Continued from page 23) 


Donald W. Richardson (M) has joined 
the Hughes Aircraft Company, Culver 
City, Calif., as a Research Engineer. He 


formerly was associated with the Curtiss- 
Wright Corporation, Propeller Division, 
Caldwell, N.J., as Assistant Project Engi- 
neer. 

Earl R. Ryder (TM) has joined the 
Guided Missile Research Division, The 
Ramo-W ooldridge Corporation, Los Ange- 
les. 


CORPORATE 


MEMBER NEWS 


@ Aerojet-General Corporation has formed 
a new subsidiary, Aerojet-General Nu- 
cleonics, in Walnut Creek, Calif. In 
charge will be Arthur T. Biehl and Robert 
Mainhardt, directors and officers of the 
new corporation. 

e Allison Division, General Motors Cor- 
poration ... Norman E. Eggers has been 
named Assistant Manager—Commercial 
Aircraft Sales. 

@ Aluminum Company of America has 
made available to industry a new 176-page 
reference volume, the Alcoa Aluminum 
Handbook, which is obtainable by writing 
to the company at 781 Alcoa Building, 
Pittsburgh 19, Pa. . . . The Sales Develop- 
ment Division, in cooperation with the 
Special Products Division, American Mo- 
tors Corporation, reports that a new engine 
in whose design it assisted, weighs but 200 
Ibs. (carrying 70 Ibs. of finished aluminum ) 
and develops 62 hp. 

@ American Airlines, Inc., reports it soon 
will start construction of the first school in 
the United States devoted exclusively to 
the training of air-line stewardesses. It 
will be between Dallas and Fort Worth, 
Tex., and will be equipped to train 1,000 
students yearly. .. . Joseph V. Dooley has 
been elected Assistant Vice-President— 
Operations. . . . A vice-president has been 
named for the first time to head the air- 
freight department. He is Samuel C. 
Dunlap, Vice-President—Cargo (mail-ex- 
press-freight ). 

e@ Arma, a Division of American Bosch 
Arma Corporation, Has confirmed that it is 
participating in the Ballistic Missile Pro- 
gram as a principal contractor. The pro- 
gram includes two intercontinental ballistic 
missiles know as ‘‘Atlas’’ and ‘‘Titian,”’ as 
well as an intermediate-range ballistic 
missile called ‘‘Thor.’’ All are capable of 
carrying atomic warheads. 

e@ Avien, Incorporated, has named Alfred 
Sansonetti Manufacturing Manager, to 
direct all manufacturing activities and re- 
lated functions of its two Woodside, L.I., 
plants 


@ Beech Aircraft Corporation has an- 
nounced the Beechcraft Badger, a four- 
place twin-engined executive airplane with 
a cruising speed of about 200 m.p.h. Its 
two 180-hp. Lycoming engines took the new 
craft on its initial flight August 6. It is 
hoped that deliveries may be possible 
early in 1957. 

Bendix Aviation Corporation .. . Haydn 
R. Jones has been appointed Comptroller 
of the Eclipse-Pioneer Division, succeeding 
W. G. Majeske, retiring after 27 years’ 


service rhree new appointments have 
been made in the Aircraft Products Section 
of Bendix Products Division. Wilson A 
Gebhardt has been named Section Man- 
ager of Aircraft Engine Equipment Prod- 
ucts. William J. Kunz, Jr., and Rudolph 
Bodemuller will be Assistant Engineering 
Managers 

© Boeing Airplane Company... The first 
production model of the KC-135, new jet 
tanker, rolled from the plant on July 18 as 
President William M. Allen congratulated 
employees for their part in the “on 
schedule”’ delivery . A small, special- 
purpose electronic analog computer has 
been developed by Boeing engineers to 
plot data as obtained during testing of 
models in the transonic wind tunnel 
Cost, including adaptation, $12,000. . . 
L. C. McMahan has been named company 
Senior Dayton Representative. 

e Curtiss-Wright Corporation . . . The 
Wright Aeronautical Division outlines 
features of the new EA Series of Curtiss- 
Wright Turbo Compound engines in a 
brochure which pictures and discusses per- 
formance claimed for the new 
product. The booklet reports that the 
range of a typical four-engined transport 
may be increased 17 per cent with the EA 
Series power plants. 

© Douglas Aircraft Company, Inc. 

First photographs of the Navy’s newest 
supersonic jet fighter plane, the Douglas 
X-F5D Skylancer, show it to have an al- 
most wafer-thin, modified delta wing 
which rakes back from a long, slim fuse- 
lage. The X-F5D, according to officials, is 
rated faster than any American jet in 
squadron service. Designed for catapult 
take-off from all types of carrier, it is a 
multipurpose airplane and can be utilized 
as a general day fighter, all-weather inter- 
ceptor, or as a fixed-point interceptor. . . 
Climaxing a decade of DC-6 and DC-7 air- 
liner production, Douglas on August 6 
delivered the 700th transport in the series 
The Santa Monica Division reports a 
backlog of 294 of the giant, piston-powered 
transports The first DC-7C left Santa 
Monica August 7 for Sweden to join the 
Scandinavian Airlines System. ... The El 
Segundo Division has delivered the first 
AD-7 model of the Skyraider series to the 
Navy a month ahead of schedule. More 
than 3,000 of the carrier-based attack 
bombers have been built since 1946. 


figures 


@ The Dow Chemical Company has an- 
nounced an expansion of its finishing and 
cathodic protection technical services. for 
users of magnesium. Four research per- 
sonnel of the Dow Metallurgical Labora- 


1756 


tory will be transferred to the company 
Magnesium Technical Service & Develg 
ment Group and will devote full time to 
finishing projects of individual customes 
Another research engineer will join 
cathodic Protection Sales Group to agg 
customers in projects utilizing magnesiy 
anodes. 
@ Elastic Stop Nut Corporation of Amerig 
reports development of a new flanges 
hexagon self-locking nut designed with g 
large washer-type seat for fastening appli 
cations involving spring tension, such ag 
compressor motor mountings. 


e Fairchild Camera and Instrument Cop. 
poration hasappointed Major Gen. Kenneth 
P. McNaughton, USAF (Ret. ), recent Vigg 
Commander of the Far East Air Force, agi 
Director of West Coast Operations. He 
will make his headquarters at the Corpor. 
tion’s new West Coast plant in Los An 
geles. 

e Fairchild Engine and Airplane Corpo’ 
ration has published a 6-page, two-color jk 
lustrated booklet on The Case for the DC-% 
Replacement. The booklet, describing the 
Fairchild F-27 twin-engined prop-jet trans. 
port, is available from William G. Key, 
Fairchild Engine & Airplane Corporation, 
Hagerstown 15, Md. 

Federal 
tories, Division of International Telephone 
and Telegraph Corporation . . . The 


Laboratories’ expansion will be carried out} 
on both coasts to keep pace with electronie§ 


industry needs. New buildings are slated 
for California’s San Fernando Valley and at 
the Nutley, N.J., site. 

e The Firestone Tire & Rubber Com- 
pany has announced development of a new 


reinforced plastic tray for potential use in| 
items. Aq 


conveying small production 
weight of 7 lbs. is claimed for the new item. 
e Flight Refueling, Inc. . . 
Operation Test Center has begun work on 


the Boeing KB-50 aerial tanker, capable of 7 
refueling three planes simultaneously with 7 


the probe and drogue method. A com- 
bination of F-100’s and B-66’s will be used 
in the evaluation tests. 


e General Dynamics Corporation . . . An 
electronic display device to help solve air 
traffic control problems has been an- 
nounced by the Stromberg-Carlson Divi- 
sion. It is a commercial version of the 
Charactron shaped-beam tube used for 
some time in the SAGE system of military 
aircraft surveillance. ... Convair Division 
in San Diego—by constructing its own 
especially designed trailer—has slashed by 
90 per cent the cost of moving the delta- 
wing F-102A from assembly line to air- 
port... . The Division reports purchase of 
25 more Model 440’s by United States and 
foreign air lines. ... B. F. Coggan, Division 
Manager, reports that employees will re- 
ceive double the amount of cash awards for 
adopted cost reduction suggestions under 
a revised cost improvement program. ... 
The Division has leased a temporary lab- 
oratory in San Diego to implement the new 
basic research program. Six of the 25 to 30 
scientists ultimately to comprise the staff 
have been retained. Explorations are 
scheduled in gas dynamics, aerodynamics, 
theoretical and experimental physics, 
physical chemistry, mathematics, and 
metallurgy. . . . First photographs of the 
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AVCO makes 18,000 m.p.h. stand still 


sual shock wave photographed 
through viewing port 
Hypersonic Shock Tube. 


To speed development of an 


advanced Air Force missile system 


lhe Hypersonic Shock Tube, developed by Avco EXCITING NEW CAREERS 

cientists and engineers, has provided an accurate for forward-looking scientists and engineers. Avco’s 
testing ground” in the search for metallic materials long-range expansion—in missiles and all the 
ind aeronautical designs which will withstand the physical sciences—offers unprecedented opportunity. 
reat created by 18,000 m.p.h. speeds. The effect of 
uch hypersonic speeds can now be observed and 
ecorded on a stationary model in the laboratory. 


Physical Scientists: Advanced degree preferred in— 
Physics — Aerodynamics — Electronics — Metallurgy — 
Physical Chemistry — Mathematics 

\lready, findings of tests carried out in the ‘“‘shock 
ube” have proven to be valuable contributions to the 
echnology of advanced missile systems. 


Engineers: Electronic — Mechanical — Aeronautical — 
Chemical 


. WRITE: Dr. Lloyd P. Smith, President, Avco Research 
\ew frontiers in research have thereby been opened, and Advanced Development Division, 20 S. Union St., 
vhich will lead to many exciting new careers. Lawrence, Mass., OR PHONE Murdock 8-6011 


Aesearch and Advanced Development 


ivision 
avco defense and industrial products 
combine the scientific skills, and production facilities of 3 great divisions of Avco Manufacturing Corp. 


Research and Advanced Development; Crosley; Lycoming—which currently produce power plants, 
electronics, airframe components, and precision parts. 
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MODEL 20 VISUAL MONITOR 


TRANSDUCER 
OUTPUTS 


For TEMPERATURE PRESSURE VIBRATION FLOW 
RADIATION COLORIMETRY CURRENT VOLTAGE 


Does your data problem include any of the above? Or anything similar? 
The Model 20 Visual Monitor is a completely new concept in multiple data-point indication. 


Now you can observe and measure 24 separate data points, simultaneously. No Switching, 
no commutating, no time lag. 


Wherever a graphic display of several quantities will facilitate measurement and control, 
the Model 20 should be considered. 


Utilizing light-beam D’Arsonval galvanometers as the indicating elements, the Visual 
Monitor permits display of transducer output in an easy-to-interpret, graphic form. 


Let us hear from you. We would like to discuss your instrumentation problems with you. 


Century Electronics & Instruments, Inc. 
1333 No. Utica, Tulsa, Oklahoma 


Your 
electronic 
Probleme 


receive IMMEDIATE and SPECIAL ATTENTION 
in DEVELOPMENT and PRODUCTION of 
GUIDED MISSILE Components: 


FUEL CUT-OFF RECEIVERS, TELEMETERING 
TRANSMITTERS, POWER SUPPLIES FOR BEACONS. 


RADAR TERT. SETS 
SPECTRUM ANALYZERS 
SIGNAL GENERATORS 
FREQUENCY COUNTERS 


1 production for Army, Navy and Air 


Forces on prime and sub contracts 


MANCHESTER 
NEW HAMPSHIRE 


NORTHEASTERN ENGINEERING 


And other devic 


INC. 


OCTOBER, 


Convair NB-36H, nuclear test 
have been released. 


e General Electric Company has been rp. 
vealed as one of the major firms partig) 
pating in the USAF strategic ballistic mig. 
sile development program; its work is cop. 
centrated on nose cone and guidance sys. 
tem development. The former problem 
has been described as one of the “mog 
challenging today”’ by the Special Defense 
Projects Department... . / A new Technica] 
Military Planning Operation, with fr. 
sponsibility for preliminary planning of fy. 
ture complex weapons systems, is being 
organized in the Defense Electronics 
Division. Its manager will be Richard ¢ 
Raymond, formerly of The RAND (Cor. 
poration. An inch-square ‘‘honeycomb” 
developed by Harold R. Day, of the Re. 
search Laboratory, will store up nearly a 
million bits of information First sue. 
cessful demonstration of closed-circuit 
color television to observe firing of ballistic 
missiles was held recently at the Missile 
Test Center at Cape Canaveral, Fla. . 

An international group of engineers who 
aspire to United States citizenship js 
working on preliminary designs of aircraft 
power plants for the Company’s Aircraft 
Gas Turbine Division at Cincinnati. Dr 
Guenther Diedrich, designer of the pulse. 
jet engine used in V-1 buzz bombs of 
World War II, is one of those who has 
joined the project. . .. Higher material and 
labor costs are blamed for a price increase 
of 7'/2 per cent on all fractional horsepower 
d.c. motors and generating equipment and 
two lines of fractional horsepower a.c. mo- 
tors Three new bulletins are available 
They are on the G-E hermetically sealed 
microminiature relay, the new 2PDT 
hermetically sealed subminiature relay, 
and control panel benefits offered by G-E 
@ General Precision Laboratory Incor- 
porated announces a new Specification 
Sheet on the GPL Ruggedized Television 
Camera, Model PD-152, said to operate 
successfully in extreme noise, shock, tem- 
perature, and vibration environments 


e@ The B. F. Goodrich Company has com- 
bined into a single operating division the 
manufacturing and selling functions of its 
aeronautical departments. The new unit 
will be known as B. F. Goodrich Aviation 
Products, a division of The B. F. Goodrich 
Company. P. W. Perdriau and E. H 
Fitch have been named General Manager 
and General Manager—Sales, respectively 

William R. Tonge has been named 
Technical Manager, De-Icers and Aero- 
nautical Accessories, as 
Charles S. Stebbins, who has been trans- 
ferred to the B. G. Goodrich International 
Company. 


@ The Goodyear Tire and Rubber Com- 
pany, Inc., reports that first executive- 
type aircraft equipped with tubeless tires 
are rolling off the Beech Aircraft Corpora- 
tion line in Wichita, Kan. The firm’s 
new Tri-Metallic disc brake is said to con- 
tain some 200 parts less than conventional 
ones of comparable size and capacity 


successor to 


e Harvey Aluminum Division of Harvey 
Machine Co., Inc., announces finalization 
of arrangements for its 54,000-ton alum 
num reduction plant at The Dalles, Ore- 
gon. The plant is scheduled for comple- 
tion late in 1957. 
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baer Conventional bolts were not strong enough to fasten 
od-cieeall jet-age aircraft now on drawing boards. So Standard 
F ballistic Pressed Steel Co. discarded obsolete fastener con- 
e Missile figurations, materials and production techniques and 
wins ‘rs designed a new high-strength bolt—the Hi Psi 
nail EWB-22—which is the strongest bolt made to 
f aircraft this time. 
mp Compared with conventional 160,000 psi bolts like 
“= the MS 20004 Series, the SPS EWB-22 has 38% 
ombs of greater tensile strength and, at 8 million stress cycles, 
who has up to 90% greater fatigue strength. These qualities 
pte. and make it feasible, in most cases, to replace a standard 
mall MS 20004 Series bolt with an EWB-22 of the next 
ment and | gwB-22 bolt is entirely new. External wrenching head with increased smaller diameter. The benefits from use of the 
aC. M0 7 bearing area permits greater loading without indentation of bolted EWB-22—in increased structural strength and secu- 
inp surface. New Hi R thread form, generous fillet under head, smooth rity and in reduced weight—are obvious. 

y overall surface increase tensile and fatigue strength. The EWN-22 ; 
v 2PDT | jocknut was designed with characteristics specially suited to the bolt. Concurrently with the development of the EWB-22, 


re relay, SPS produced the Hi Psi EWN-22 locknut to com- 


by G-E plement the bolt. It is a high tensile strength self- 
y Incor- ULTIMATE TENSILE STRENGTH VS BOLT DIAMETER locking nut with a 12-point external wrenching 
surface. It makes possible the high wrenching torque 

Chart 321 Date: Jan 6,_195¢ needed to preload the EWB-22 to the greatest 
ck, tem- advantage. 

— 7 Along with Hi Psi EWB-22 bolts and EWN-22 
ee a locknuts come other new additions to the complete 
ons of its 1 _—_=<= SPS line of threaded aircraft fasteners—PLI-22 pre- 
LS load indicating washers, simple mechanical devices 
Aviation | [22.000— for accurately preloading the new high strength bolts. 
Goodrich | E=—= For detailed information about these products— 
— : or about your special aircraft threaded fastener 
vectively. | = problem—write us today. Aircraft Products 
n named | —-=— Division, STANDARD PRESSED STEEL CoO., 
nd Aero. | Jenkintown 58, Pa. 
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e@ Hydro-Aire, Inc... . Five high-produc- 
tion military aircraft are using from one to 
twelve Hydro-Aire pumps per ship, accord- 
ing to President H. H. Rhoads. The 
Company also has developed a turbine- 
driven pump and a ‘“‘double-end”’ booster 
pump for special applications. 


@ The International Nickel Company, 
Inc., reports that 117 tons of cast nickel 
steel went into The Mountaineer, which, 
standing 16 stories high, is classified as the 
world’s largest power shovel. The Moun- 
taineer scoops up overburden in 90-ton 
chunks, and its bucket holds enough to fill 
two coal hopper cars. 


@ Walter Kidde & Company, Inc., has 
elected to its Board of Directors William 
Collins, President, Walter Kidde Con- 
structors, Inc. 


e@ Kollsman Instrument Corporation .. . 
A new altimeter, said to be 400 per cent 
more accurate below 50,000 ft. and 100 per 
cent more accurate above that altitude, 
has been made public by ARDC. The in- 
strument was developed by WADC in con- 
junction with Kollsman. 


© Lear, Incorporated ... Norman Warren, 
Director of Advertising and Public Rela- 
tions, was elected a Vice-President by the 
Board of Directors in Grand Rapids, 
Mich., on July 13. In addition, Joseph M. 
Walsh, Assistant Division General Man- 
ager of the Grand Rapids Division, was 
elected Assistant Secretary. Forrest D. 
Beamer, previously Assistant Secretary, 
was elected Assistant Secretary and As- 
sistant Treasurer. Re-elected were: Chair- 
man of the Board, William P. Lear; Presi- 
dent, Richard M. Mock; Executive Vice- 
President in Charge of Manufacturing, 
Andrew F. Haiduck; Vice-President and 
Treasurer, Chester D. Seftenberg; Vice- 
Presidents, Harold C. Andrus, Roy J. 
Benecchi, C. J. Breitwieser, A. G. Hand- 
schumacher, and Paul Moore; Secretary, 
Philip E. Golde; Comptroller, Albus Dur- 
ham; Assistant Secretaries, Vernon B. 
Benfer and Albert C. Keske; Assistant 
Treasurer, Albert A. Rorison. . . . The 
Company, which recently announced a 
$3.6 million plant expansion program af- 
fecting three localities, has entered into a 
10-year exclusive license agreement to 
manufacture and sell in the United States 
the turbine-engine control equipment de- 
veloped by Ultra Electric, Ltd., of Lon- 
don. ... The Aircraft Engineering Division 
has announced CAA approval of the adap- 
tation to Lodestars of the Learstar me- 
chanical rudder spring tab system... . 
The same division announced that the first 
Learstar Mark II Conversion of an ex- 
ecutive Lodestar has received a Supple- 
mental Type Certificate and has been de- 
livered to Plymouth Oil Co., of Sinton, 
Tex. . . . The Lear-Romec Division an- 
nounces an aircraft fuel pump designed to 
supply smoke fuel for a guided-missile 
tracking system. Further information 
may be obtained from the Division at 
Elyria, Ohio. 


@ Lockheed Aircraft Corporation . . . De- 
mand for Electra and Super Constellation 
air liners in the first half of 1956 puts the 
Corporation’s transport backlog at a 
record $465 million, more than double the 
mid-1955 figure, the company reports. . . . 
Plans are to expand manufacturing facili- 


ties at the Bakersfield, Calif., subassembly 
plant... . The California Division reports 
that the first Super Star Constellation, 
Model 1649A, featuring a new wing of 27 
ft. greater span than earlier models, is 
taking shape in Burbank. It will carry 33 
passengers in maximum luxury siesta ar- 
rangement or up to 80 tourist passengers at 
350 m.p.h. cruise. Range is listed at 6,400 
miles. Four turbocompounds will deliver 
a total of 13,600 hp. . . . Lockheed em- 
ployees last year contributed $427,000 to 
charitable projects through the Buck-of- 
the-Month Club—a 15 per cent increase 
over 1954 The Corporation reports its 
prop-jet C-130 Hercules has successfully 
dropped the heaviest single load—27,000 
Ibs. of iron weights—ever extracted by 
parachute from an airplane for aerial de- 
livery... . J A “parasite” radome, an ellip- 
soid measuring 30 ft. across and looking 
much like the popular conception of a fly- 
ing saucer, has been fitted toa Navy WV-2 
Super Connie to test advanced ideas in 
flying radar stations. After runway tests, 
flight effects of the fitting will be investi- 
gated. Later, the craft’s electronics will be 
tested... . Transfer of Lockheed’s nuclear- 
powered aircraft preliminary design study 
project, comprising some 150 engineers, 
from California to the company’s Georiga 
Division at Marietta, Ga., is vitually com- 
plete, it is reported. .. . Lloyd E. Frisbee, 
formerly Flight Test Division Engineer, 
has been named Chief Research Develop- 
ment Engineer for the Georgia Division. 
... The C-130 Hercules, being produced 
“in quantity’’ at the Marietta plant, is 
listed as the fastest USAF transport in 
production. Top speed is put at over 370 
m.p.h. The company says that on combat 
missions, with 25,800 lbs. of cargo and 
more than 5,000 gal. of fuel, the Hercules 
can cross the continent, or an ocean, non- 
stop at 330 m.p.h. cruise. A take-off and 
climb to 2,500 ft. in 60 sec. is reported... . 
A new hypersonic missile, product of the 
Missile Systems Division and Western De- 
velopment Division, ARDC, has been dis- 
closed, although its designation is classi- 
fied. The Division also has designed and 
built a supersonic test vehicle designated 
the X-7, being used as a test bed to get 
test and design information and to de- 
velop successful ram-jets for operational 
use. The X-7 is being launched from a 
B-29. 


@ McDonnell Aircraft Corporation reports 
that the ARDC has announced that the 
McDonnell X\V-1, the world’s first success- 
ful convertiplane, unofficially exceeded the 
speed record for helicopters when it reached 
200 m.p.h. The speed was reached just 
before successful completion of a flight 
evaluation program, conducted by the 
staff of ARDC’s Flight Test Center from 
Edwards AFB, Calif. Captain Wayne W. 
Eggert, ARDC test pilot, made 39 flights 
in which five conversions were accom- 
plished from helicopter rotor take-off, to 
airplane forward flight, and back to rotor 
for landing. A second XV-1 has been built 
and is flying 


@ Minneapolis-Honeywell Regulator Com- 
pany reports it will erect a $4 million aero- 
nautical plant near St. Petersburg, Fla., 
to develop and produce inertial guidance 
systems. Some 1,500 engineers and skilled 
production people will be employed when 


1956 


full-scale production is reached, probably 
by mid-1957, Paul B. Wishart, He meywell’s 
President, disclosed. .. . A new bombing 
system knownas LABS (low altitude bomb. 
ing system), which enables jet fighters ang 
fighter-bombers to carry and deliver 
atomic bombs, is being supplied to the 
USAF. With the system, the plane ap. 
proaches a target at tree-top level 
“tosses” the bomb, and then escapes blast 
effects by means of an acrobatic maneuver, 


e Norden-Ketay Corporation announces 
three new products. A new transportable 
automatic trifilm processor for 16-mm, 
35-mm., and 75-mm. film has been de. 
signed to allow simplified loading proce. 
dure, fine control over processing, and 
rapid drying. ... Type 232 MK7 Instry. 
mentation Camera has been designed as the 
most flexible camera in the field of instry- 
mentation and air photography. Its uses 
include radar and oscilloscope recording, 
instrument panel recording, aerial survey 
positioning, and plotting records... . A 
new Transistor Curve Tracer, Model BCT 
300, is said to be ideal for use when design- 
ing transitor circuits; comparing, match- 
ing, and selecting transitors; detecting 
anomalies; studying effects of temperature 
age, normal usage, overloading; and de- 
tecting failures and causes. Further in- 
formation may be obtained from the cor- 
poration at 99 Park Avenue, New York. 


e North American Aviation, Inc. . . . The 
new F-100F Super Saber, a two-place ver- 
sion of the jet now in operational units, 
has been flown for the first time by Alvin §. 
White, engineering test pilot for the com- 
pany. The plane, reported the world’s 
fastest two-man airplane, is in production 
for the USAF. The F-100F was designed 
to be flown by one man on fighter and 
bombing missions. It also can carry an 
observer or student in the rear cockpit.7 
Powered by a Pratt & Whitney J-57 axial 
flow turbojet engine with afterburner, the? 
F-100F has a thrust rating in the 10,000-Ib, 
class. Its maximum service ceiling is over 
50,000 ft., and it has a range of more than | 
1,000 miles. . . . Rocketdyne Division re- 
ports confirmation by the USAF that it is 
developing high thrust rocket propulsion 
systems for the Air Force ballistic missiles 
program. 


e Northrop Aircraft Inc. . . . The Board of 
Directors has elected Irving Roth and J. 
Grant Macdonnell to positions as officers. 
Mr. Roth, previously Staff Assistant to the 
President, was elected Assistant to the 
President. Mr. Macdonnell, formerly As- 
sistant to the President, was elected As- 
sistant Treasurer. .. . Company scientists 
are conducting studies to determine the 
limits of man’s mental and physical abili- 
ties to command supersonic aircraft, Edgar 
Schmued, Vice-President—Engineering, 
has announced. Advanced studies will be 
undertaken by Psychologist Gerald F. 
Rabideau and Physiologist J. Gordon 
Wells. . . . Three electromechanical engi- 
neers, Bob Johnson, Doyle Henderson and 
Tom Morris, have developed a new time- 
saving cast-aluminum electronic chassis 
assembly kit said to be as simple as 4 
child’s building set. Two types of modular 
castings are used. One is cast with di- 
agonal openwork ribs where air condition 
for components is necessary; the other is 
cast solid to permit shielding against inter- 


Wings of old take on a new turn to bring true VIOL fight closer. Verto 
research now takes on one of the most advanced assignments of the decade —high 
speed aircraft with vertical takeoff and landing capability. 


robs bly 

eyed Project: Vertol is now developing aircraft types which will fly as fast, as high, as 
tl far, as today’s transports yet are able to take off and land at 0 mph forward speed. 
“ene a Qualifications: Vertol’s long-established leadership in the helicopter industry, 
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Vertol’s impressive research and development record in all aspects of vertical flight. 
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peters Progress: Vertol is currently developing a flying test bed for the Army under 
nine the 


cal abili- contract with the Office of Naval Research. In this aircraft—a small-scale variant 
t, Edgar of the larger, more powerful production types to come —a gas turbine drives rotor 
apy propellers housed in the wings of the aircraft. To takeoff and land vertically, both 
srald F. wings and rotor propellers pivot straight up; the rotor propellers furnish the neces- 
eye sary lift. At altitude, the wings tilt over into “normal” horizontal position, as the 
rson and aircraft gathers flying speed; cruise is conventional and fast. 
ow tume- 
chassis To give tomorrow’s planes the universal landing and takeoff characteristics of 


aaliia today’s helicopters is the essence of the Vertol “Skyways without Runways” concept. 
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ference. Scientists at the Pasadena 
Optical Laboratory are using the term 
“light fringe’ to gage precision standards 
and ensure reliability of the USAF-North- 
rop Snark SM-62 intercontinental missile. 
A light fringe equals 0.000011 (11 mil- 
lionths) of an inch, and many of the astro- 
nomical instruments manufactured by the 
company are held within a tolerance of one 
tenth of a light fringe—or 1.1 millionths of 
an inch in 10 in. 


e Pan American World Airways, Inc... . 
Installation of radio navigational aids ad- 
jacent to El Coco International Airport at 
San Jose, Costa Rica, is providing im- 
proved Clipper service to the Central 
American capital. . . . Vibration damage 
to main bearings during long-distance 
truck shipment of Wright 3350 EA and DA 
engines has been eliminated by use of a 
bungee cord. The bungee preloads the 
engine after mounting on a shipping dolly. 
The system has been developed by Stanley 
W. Strama, superintendent of PAA’s com- 
ponent overhaul shops. 


e Piasecki Aircraft Corporation... Donald 
C. Lillis, partner in the investment bank- 
ing firm of Bear, Stearns & Co., New York, 
and Chairman of the Board of Directors of 
the National Can Co., has been elected to 
the Board of Directors. 


e Pratt & Whitney Aircraft, Division of 
United Aircraft Corporation, estimates 
more than 3,000 new employees will be re- 
quired before year-end, when 40,000 in 
personnel—exceeding by several hundred 
the peak of World War II—may be at 
work. General Manager Wright A. 
Parkins reports outstanding success of the 
P&W J-57 engine—powering many first- 
line fighters and bombers in quantity pro- 
duction—as the prime reason for thousands 
of new jobs during the last year. 


Reaction Motors, Inc., has elected 
Former Deputy Defense Secretary Wil- 
liam C. Foster Chairman of the Board of 
Directors, filling the position for the first 
time. He is an Executive Vice-President 
of Olin Mathieson Chemical Corporation, 
associated with RMI in the supersonic 
aircraft and guided-missile propulsion 
fields, and formerly served RMI as a 
Director. 


e@ Republic Aviation Corporation . . . Ap- 
pointment of Robert W. Boesel as Chief 
Project Engineer for the Guided Missiles 
Division has been announced. . .. A new 
engineering and administration facility for 
the Guided Missiles Division is located at 
233 Jericho Turnpike, Mineola, N.Y... . 
Robert W. Wichser, Chief Research Engi- 
neer, has been named to a special panel 
organized to keep the U.S. Department of 
Defense informed on developments in the 
use of titanium. The panel, of nine men, 
was appointed recently by the National 
Academy of Sciences at the request of the 
Assistant Secretary of Defense in charge 
of Research and Development. . . . The 
supersonic, nuclear-weapons-carrying F- 
105 has been officially christened the 
Thunderchief. The plane, reported per- 
forming ‘‘exceptionally”’ in its tests at 
Edwards AFB, is beginning to enter pro- 
duction at the Farmingdale plant... . Al- 
bert Hapke has been appointed Assistant 
Director of European Service. The 


T 


ENG 


company reports development of a simpli- 
fied tandem hydraulic-powered actuator 
system for aircraft primary flight controls 
which provides greater safety for pilot and 
plane and yet costs and weighs less than 
earlier systems. The development pro 


vides two completely independent mech- 
anisms, each with its own tank and asso- 
ciated plumbing strategically dispersed 


through a military aircraft for reduced 
vulnerability to battle damage. 


e Paul Rosenberg Associates has re- 
ceived an access permit from the Atomic 
Energy Commission for nuclear work 
under the following categories: Physics 
and Mathematics; Instrumentation; Ra- 
diation Effects on Reactor Materials; 
Health and Safety; Radioactive Waste; 
Reactors, Research and Testing. 


Shell Oil Company .. . The Port of New 
York Authority announces it has author- 
ized an agreement with Shell to install an 
underground fuel system and sell aviation 
fuel for a 5-year period at the Port 
Authority’s West 380th Street Heliport. 
Sixteen 550-gal. underground tanks, with 
two grades of helicopter fuel, will be in- 
stalled, together with hydrant outlets at 
the two landing and take-off pads and the 
helicopter parking 


e Simmonds Aerocessories, Inc., of Tarry- 
town, N.Y., announces a new 8-page book- 
let (AD-404), which is available on re- 
quest, describing the Liquid Level Sensing 
System recently developed. The system is 
capable of operating a lamp to indicate 
that gasoline, oil, or other liquid is above 
or below a certain level. It can also be 
used to provide control to start and stop 
pumps or operate valves to transfer liquid 
from one tank to another. The system is 
adaptable to a great variety of liquids and 
liquefied gases either relatively inert or 
chemically active and over a wide range of 
liquid temperatures and pressures. 


e@ Solar Aircraft Company ... Walker G. 
Dollmeyer has been named to the newly 
created position of Vice-President—Opera- 
tions. He will direct Solar’s manufactur- 
ing operations which include the com- 
pany’s main San Diego plant, the San 
Diego Airframe Parts plant, and the Des 
Moines, Iowa, Wakonda plant. . . . The 
company is becoming increasingly active in 
missile components, air-frame assemblies of 
stainless steel for commercial air lines, new 
types of jet-engine components, and gas- 
turbine engines produced for several new 
applications 


@ Stroukoff Aircraft Corporation ... An 
early fall rollout of the YC-134, USAF as- 
sault transport and support aircraft, has 
been tentatively scheduled. It is reported 
that the YC-134, the first support aircraft 
to have both boundary-layer control and 
the Pantobase all-surface landing gear, will 
offer exceptional take-off and landings, in 
extremely short distances, at better than 
one half the time and distance required for 
an aircraft of its 65,000-lb. weight class 
Power will be two Wright R-3350 turbo- 
compound engines delivering 3,500 hp. for 
take-off 


@ Summers Gyroscope . . John M. 
Wright has been promoted to Director of 
Customer Relations. 
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1956 


Thiokol Chemical Corporation has 
quired a 12,000-acre plant site near th 
north shore of Utah’s Great Salt Lake 
The property will become the company’ 
western facility for research, development 
and manufacture of solid propellant rockg 
motors for guided missiles. Initial opera. 
tions are expected to start about January 
1, 1957, and more extensive operations wij 
begin by July. 

e Thompson Products, Inc., has joing 


with American Bosch Arma Corporation jp 
a licensing agreement to develop further 


promote, and manufacture an automobie | 


fuel injection system. 


@ Union Carbide and Carbon Corporation 
announces availability of a new booklet on 
Hastelloy Alloy R-235—a wrought, nickel. 
base, aluminum and titanium-bearing, pre. 


cipitation-hardening alloy with outstand. | 


ing properties through 1,750°F. Good 
oxidation resistance, low strategic alloy 
content, and a remarkable resistance to 
overaging im service are claimed. The 
booklet may be obtained from Haynes 


Stellite Company, 30-20 Thomson Avenue, | 


Long Island City 1, N.Y. 


@ United Air Lines, Inc. . . . Henry T, 
Harrison has been appointed Director of 
Meteorology while T. M. Plunkett assumes 
the newly created post of Weather Control 
Manager. Their headquarters will be at 
the Operating Base, Denver. 


@ Vickers Incorporated announces a new 
line of in-line relief valves for air-borne oil 
hydraulic applications which combine ac- 
curate control and fast response with 
“flat’’ performance characteristics. They 
are designed for use in 3,000-psi systems 
having operating temperatures up to 650° 
F. .. . The Sixth Transport Aircraft Hy- 
draulic Conference has been scheduled for 
November 13 and 14 at the Park Shelton 
Hotel, Detroit. Attendance is by invita- 
tion only. 


@ Weber Aircraft Corporation . . . Ap- 
pointment of Arnold Johnson, 33 years 
with Weber, as Senior Vice-President 
and of Fred Godfrey as Vice-President— 
Manufacturing, has been announced by 
President E. K. Meredith. . . . Thomas J. 
May has been named Supervisor of the 
Engineering Analysis Group and will be in 
charge of analysis and testing in aerody- 
namics, structures, weights, processes, 
materials, and standards; spare parts 
analysis; and engineering services. 
Darrell G. Smittle has joined the com- 
pany as staff Engineering Supervisor in 
the Commercial Seating Division ....A 
case history file describing the buffet, food 
handling equipment, and passenger seats 
in the USAF MAT Service long-range 
Super Constellations is available from the 
company at 2820 Ontario Street, Burbank, 
Calif. Also available is a folder in which to 
file this and subsequent case histories re- 
lating to Weber interior equipment for mili- 
tary and commercial aircraft. 


e Westinghouse Electric Corporation has 
installed an environmental testing chat- 
ber—used to evaluate the effect of various 
weather conditions on air-borne electronic 
systems—at headquarters of the Air Arm 
Division, Baltimore. One man operates 
the chamber. Temperatures can be regu- 
lated from —100°F. to +500°F. 
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@ National-Standard Nickelply, Brassply and Copper- 
ply is electro-jacketed steel wire—a new development 
offering important advantages to manufacturers and 
users of wire forms and components. Specifically 


The jacket metal, precisely concentric and to the re- 
quired thickness, is inseparably bonded to the steel wire. 
The materials can be severely formed, twisted, swaged, 
welded, roll threaded or redrawn without fracturing the 
jacket metal or otherwise exposing the base metal. Thus 
these new materials can often replace solid nickel, brass 


ATHENIA STEEL DIVISION «+ CLIFTON, N. J. 
Flat, High Carbon, Cold Rolled Spring Steel 


REYNOLDS WIRE DIVISION + DIXON, ILLINOIS 
Industrial Wire Cloth 


How these products were improved 


with NICKELPLY; BRASSPLY* and COPPERPLY’* wire! 


NATIONAL-STANDARD COMPANY - 
Tire Wire, Stainless, Fabricated Braids and Tape 


and costs lowered... 


or copper wire, or can eliminate the costly post-plating 
of steel wire forms... and with unmatched assurance of 
coating coverage! Advantages in strength, durability 
and economy are obvious. 


Nickelply, Brassply and Copperply are now available 
commercially in diameters up to .340’’. Pertinent data 
on coating weights, strengths, finishes, base materials, 
corrosion resistance, etc., are given in Bulletin K-10. 
Why not send for it now and explore these new 
possibilities? 


*Trade Mark National-Standard Company 


NILES, MICHIGAN 


WAGNER LITHO MACHINERY DIVISION + JERSEY CITY, N. J. 


Special Machinery for Metal Decorating 


WORCESTER WIRE WORKS DIVISION » WORCESTER, MASS. 
Round and Shaped Steel Wire, Small Sizes 
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IAS SECTIONS 


Baltimore Section 


Richard W. Sanford, MIAS, has 
been elected Chairman and Lt. Col. 
Leon S. Jablecki, USAF, Vice-Chairman 
for 1956-1957. Other new officers are 
R. G. Clanton, Secretary, and Monroe 
Duke, Treasurer. 

H. C. Johnson, C. A. Naegeli, and 
R. L. Zouck were elected to the Ad- 
visory Board for 2 years. Elected to 
l-year terms were F. H. Clauser, Lt. 
Col. H. C. Leubner, E. G. Uhl, and 
Herman Pusin. 

Seymour W. Herwald is Area Coun- 
cilor. 


R. C. Rosiey, Secretary 


Chicago Section 


The Nominating Committee’s slate 
of candidates was approved unanimously 
at the May meeting, and the new Chair- 
man for 1956-1957, Leland W. Sims, 
Director of Engineering Training at 
The Aeronautical University; Inc., 
brought the meeting to a close. 

Elected Vice-Chairman for 1956-1957 
was Harry W. Wiant, outgoing Secre- 
tary, who is Project Engineer for Cook 
Research Laboratory. Robert F. 
Hunter, Assistant Chief Engineer for 
the Shafer Bearing Division, Chain 
Belt Company, was elected Secretary. 
New Treasurer is W. H. Tarbox, a 
Flight Engineer for Trans World Air- 
lines. 

Named to the Advisory Board were 
K. L. Burroughs, President, The Aero- 
nautical University, Inc.; R. O. Brittan, 
Project Engineer,, Argonne National 
Laboratory; Harold V. Hawkins, As- 
sistant Director, Cook Research Lab- 
oratory; T. C. Linnert, Head of 
Engineering, Air Line Pilots Association; 
William J. Pocock, a partner in the 
firm of Booz, Allen & Hamilton; 
R. A. Schram, Works Standards Man- 
ager, Shafer Bearing Division, Chain 
Belt Company; Lt. Col. D. J. Smith, 
Commander of the 126th Fighter 
Bomber Group of the Air National 
Guard; and A. F. Stott, Dean of Engi- 
neering at The Aeronautical University, 
Inc. 

Howard H. Warzyn, of the National 
Safety Council, was the representative 
to the Nominating Committee for 
Area Councilors. 

Earlier in the evening, about 125 
members and guests gathered at the 
Glenview Naval Air Station where the 
Navy presented an interesting exhibit 
of Cougars, jet trainers, and helicop- 


ters. Dinner at the Officers Club 
followed. 
p At the April meeting, about 110 
members and guests assembled at the 
Western Society of Engineers and, 
following dinner, heard Lt. Col. John 
Paul Stapp tell of his experiences during 
sled runs at Holloman Air Force Base. 
After his talk, questions from the floor 
indicated a consuming interest in crash 
survival and provided a lively, inform- 
ative conclusion to the evening. 

HARRY WIANT, Secretary 


Detroit Section 


Ludwig A. Majneri, AFIAS, has 
been elected Chairman and Charles 
Vogel Vice-Chairman for 1956-1957. 
Other new officers are Fred J. Wilhoff, 
re-elected Secretary, and Richard Chute, 
Treasurer. 


FRED J. WILHOFF, Secretary 


Earth Satellite 
Los Angeles Section 


Some 45 to 50 nations, including the 
U.S.S.R. and Red China, will par- 


ticipate....$12 million will be spent 
by the United States, though more 
will be needed....The continued col- 


laboration of scientists and institutions 
throughout the country will be re- 
quired. 

These and other facts about the In 
ternational Geophysical Year (IGY)— 
principally in relation to United States 
participation—were outlined by Joseph 
Kaplan at the May dinner meeting. 
Dr. Kaplan is Chairman, U.S. National 


Committee for the IGY, and Profesgo, 
of Physics, University of California 
at Los Angeles. 

Introduced by H. J. Stewart, Pro. 
fessor of Aeronautics at Californig 
Institute of Technology, Dr. Kaplap 
told his audience that the time selecte 
for the major international effort wy 
make possible the planning of especially 
coordinated and intensified world efforts 
on such occasions as expected intervals 
of unusual magnetic, ionospheric, or 
auroral activity, on days of solar eclipses 
and during meteor showers. 

The Section was told that one of the 
reasons why such great importance js 
placed on the earth satellite is that— 
in contrast to high-altitude rockets—jt 
is expected to stay aloft for a period 
of time which will permit gathering 


of much more information than jg) 


possible with vehicles restricted by 
short flying times. 


> During the April meeting, members 
heard D. P. Huddie, Chief Develop. 


ment Engineer of Rolls-Royce Limited, 


in a presentation of his paper, “The 
Development of Rolls-Royce Propeller 
Turbine Engines.”’ Mr. Huddie, point- 
ing to no increase in the outside diameter 
of the Dart engine (powering the Vis- 
count) since it was originated, said 
that performance improvement from 
840 cruise hp. in 1953 to 1,840 cruise 


hp. in 1961 was obtained by increased} 


mass flow, increased turbine inlet tem- 
perature, increased turbine efficiency, 
increased compression ratio, and de- 
creased combustion pressure loss. 


Mr. Huddie said the economic case 
for the propeller turbine-engined air- 
craft for short to medium ranges at 
450 m.p.h. rests solely on the inherently 
greater flexibility of this power plant. 
The fuel penalty for cruising at other 
than optimum altitude is less than with 
the jet engines, as is also the fuel 
penalty for prolonged stacking. 


One of the highlights of the June field trip of the Seattle Section was the inspection of the 
An explanation of the missile’s various features came 
A lecturer may be seen pointing to the weapon 
Almost 400 members and guests participated in the field trip. 


Nike missile at the Midway Nike site. 
to attentive onlookers via a loudspeaker. 
midsection. 
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What's most important in this picture? 


Not the slide rule, though it’s helpful. Nor the divider. His mind and his hand shorten the coupling between 
Army Photo Nor the logarithm table. It’s the human hand, of a need urgently expressed by the military and its trans- 
ee course, because it is motivated by the long, strong _ lation by industry into reliable electronic equipment. 
arm of human intelligence. It belongs His experience contributes invaluable 
to the career engineer dedicated in his help at a critical stage in developing 
service to the Department of Defense. great new things in aviation electronics. 
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FIRE CONTROL RADAR *« SEARCH RADAR « INDICATORS AND DISPLAY * COUNTERMEASURES ° NAVIGATION 
MISSILE CONTROL AIRBORNE SONAR COMMUNICATIONS FUZES AUTOMATIC TEST DATA PROCESSING 


At LMEED... as everywhere in General Electric... 
Progress /s Our Most Important Product 


GENERAL ELECTRIC 


LIGHT MILITARY ELECTRONIC EQUIPMENT DEPARTMENT 
FRENCH ROAD, UTICA, NEW YORK 
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space sets no limits 


The most challenging engineering problems of 
our time await you at Martin-Denver— where 
an exceptional group of engineers is planning the 
grand assault on space itself. 

Here you will find professional opportunities 
without limit —plus good living for you and your 
family in the healthful, colorful Colorado Rockies. 
For more information on both scores, we invite 
you to write Emmett E. Hearn, Employment Di- 
rector, P.O. Box 179, Dept. A-10, Denver 1, Col. 


MV £4 FET 


DENVER DIVISION 


SCPOBER 1956 


The speaker, indicating the man 
test hours run and the amounts 9 
money spent on the Dart to provide g 
civil engine without a military 
ground, said that over the total opera 


tion so far the unscheduled engin, 


Dack 


removal rate averages 0.288 engine 


removals per thousand engine flying 
hours, and the average for all operators 
over the vear 1955 was 0.182 for the 
Dart. 

R. G. FuLLER, Secretary 


St. Louis Section 


John F. Yardley has been elected 
Chairman and L. A. Smith Vice 
Chairman for 1956-1957. Other new 
officers are W. J. Blatz, Corresponding 
Secretarv; L. A. Perrin, Recording 
Secretary; and D. W. Allen, Treasurer 

Named to the Advisory Board were 
G. C. Covington, W. B. Bunker, and 
L. Harrison. 


San Antonio Section 


The following are new office holders 
for 1956-1957: Col. Claude W. Smith 
USAF (M), Chairman; William C. 
Robinson, Vice-Chairman; Joseph W, 
Draper, Jr., Secretary; and Lt. Ray 
mond J. Tolosko, USAF, Treasurer and 
Program Chairman. 

Major Gen. Clements McMullen, 
USAF (Ret.) (AF), will serve the Sec- 
tion as Honorary Chairman 


National Defense 
San Diego Section 


The highlight of the year for this 
Section occurred in August, when Gar- 
rison Norton, Assistant Secretary of 
the Navy for Air, presented a talk on 
‘The Navy's Role in National Defense” 
at a special dinner meeting. The 
session was well attended by members 
executives from local aircraft companies, 
and leaders of Naval aviation activities 
in the San Diego area. 

The meeting followed a special recep- 
tion at the San Diego Speed Boat Club. 
Here, principal guests, corporate rep- 
resentatives, and Section officers with 
their wives had the opportunity for an 
informal get-together. Afterward, din- 
ner was served at the Institute Building. 
Frank Fink, Vice-President and Chiei 
Engineer, Rvan Aeronautical Company, 
served as toastmaster following an 
introduction by Section Chairman Earl 
R. Hinz. 

Mr. Norton emphasized the important 
role which will be assigned the Navy in 
wartime and its function in deterring 
war, discussing additions to the fleet 
and various missile programs and 
covering developments in carrier and 
water-based categories. 
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The right people 


with the right facilities 
produce the right solutions 


Results of gaseous electronics investigation concerned with wide- 
band tunable microwave oscillations are examined at the Microwave 
Physics Laboratory. From left: Laboratory Manager, O. T. 
Fundingsland; Dr. R. M. Hill, senior project leader, gaseous 
electronics; Dr. P. H. Vartanian, senior project leader, ferrites; 
and Dr. A. L. Aden, assistant laboratory manager. 


New PROBLEM-SOLVING POWER has been 
added to Sylvania’s growing capability 
for research and development in highly 
advanced military and industrial elec- 
tronic systems. 

With the establishment of the Micro- 
wave Physics Laboratory at Mountain 
View, Calif., Sylvania is expanding its 
work in new magnetic materials and 
ionized gaseous media for microwave 
electronic control devices and systems 


for radar, communications, and elec- 
tronic countermeasures. 

Fields of research at the laboratory 
include magnetic ferrites, gaseous elec- 
tronics, radio wave propagation, elec- 
tromagnetic resonance phenomena in 
ferrites and ionized gaseous media. 

Besides the new Microwave Physics 
Laboratory, the Microwave Tube 
Laboratory and the Electronic Defense 
Laboratory are also located at Mountain 


r—SYLVANIA IS LOOKING FOR ENTERPRISING ENGINEERS—— 


Sylvania has many opportunities in a wide range of defense projects. If you are not now engaged 
in defense work, you are invited to contact Edward W. Doty, Manager of Personnel, Elec- 
tronic Systems Division, Sylvania Electric Products Inc., 100 First Avenue, Waltham 54, Mass. 
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The new Sylvania Microwave Physics 
Laboratory, Mountain View, California. 


Frequency doubling in ferrites, a phe- 
nomenon newly discovered at Sylvania 
Mountain View laboratories, is studied 
by engineer A. L. Helgesson. 


More problem-solving power... 
Sylvania'’s new Microwave Physics Laboratory 


View. Each is a vital part of Sylvania’s 
Electronic Systems Division. 

In addition to the Mountain View 
laboratories, the Electronic Systems Divi- 
sion has plant and laboratory facilities 
at Buffalo, New York, and extensive re- 
search facilities at Waltham, Massa- 
chusetts. All are staffed with top-ranking 
scientists and engineers, backed by 
Sylvania’s extensive resources in the 
electronics field. 


SYLVANIA ¥ 


LIGHTING * RADIO + 


ELECTRONICS 


See Sylvania at the Annual Symposium on Aeronautical C 


TELEVISION 
ications, Oct. 8, 9, 10, Hotel Utica, Utica, N. Y., Booth 9 
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Assistant pour the Navy for Air Garrison Norton is shown speaking be- 


fore the San Diego 


Commander, Air Force Pacific Fleet. 


He declared that nations seeking to 
dominate the world by force must find 
alternatives to all-out nuclear surprise 
attack and that this country must pro- 
vide defense against these alternatives. 
He also indicated the responsibilities 
of the technical people and the IAS 
members in particular to help solve 
these problems by understanding the 
objectives and capabilities of the Navy. 

Among special guests were Vice-Adm. 
Alfred Pride, Commander Air Force 
Pacific Fleet; Rear Adm. C. C. Hart- 
man, Commandant 11th Naval District; 
Rear Adm. A. B. Vosseler, Commander 
Naval Air Bases, 11th and 12th Naval 
Districts; T. C. Ryan, President, 
Ryan Aeronautical Company; J. V. 
Naish, Executive Vice-President, and 
R. C. Sebold, Vice-President—Engineer- 
ing, of Convair, A Division of General 
Dynamics Corporation; Alexander 
Black, Vice-President—Sales, and W. C. 
Heath, Projects Manager, Solar Air- 


ction on ‘The Navy’s Role in National Defense.” 
at left is Earl R. Hinz, Section Chairman. 


Seated 


At right is Vice-Admiral Alfred Pride, 


craft Company; and Frank E. Mc- 
Creery, Vice - President—Engineering, 
Rohr Aircraft Corporation. 

> Paul P. Datner, Senior Engineer, 
Aerojet-General Corporation, presented 
a paper on ‘‘Thrust Reversers’’ at the 
meeting on July 19, discussing develop- 
ments which have led up to the Aerojet 
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thrust reverser. General principles of 
thrust reversal were pointed out, anq 
many of the technical and hardwar 
problems were discussed. A film op 
Aerojet-General work in the field sup. 
plemented the talk. 
> “Project Smart’ was the subject 
of the technical meeting on June 2 
at the Institute Building. The paper 
was presented by Hugh B. Thompson, 
Project Engineer, Coleman Engineering 
Company, Los Angeles, who discussed 
the supersonic military air research 
track at Cedar City, Utah. The facility 
provides for observation of full-scale 
high-speed ejection and bail-out char. 
acteristics without endangering the 
lives of airmen and without risking 
aircraft. The project is part of ap 
overall U.S. Air Force ‘‘Human Ep. 
gineering’ program for greater safety 
in supersonic flight conditions. 
Progress is reported by the Museum 
and Historical Committee on two proj- 
ects—developing photomurals for per- 
manent display in the foyer of the San 
Diego IAS Building and constructing 
an authentic replica of the 1883 John 
Montgomery glider. 


A. FUHRMAN 
Corresponding Secretary 


STUDENT 


BRANCHES 


Academy of Aeronautics 


Robert Bradshaw, an engineer with 
Grumman Aircraft Engineering Corpo- 
ration, addressed members at a special 
June meeting on “‘Manufacturing Proc 
esses." He presented an interesting 


Herman R. Oswell, right, 1956 graduate of Alabama Polytechnic Institute, wins 


recognition from 


romberg, Chief Engineer, Missile Engineering Division, 


McDonnell Aircraft Corporation, after receiving the !AS Student Branch Certificate 
The award is given for the best scholastic record in 
aeronautical engineering during the junior and senior years. 
Associate Engineer (air frames) with McDonnell. 


of Award from his school. 


Mr. Oswell is an 


insight into the duties of a manufactur 
ing engineer. 

Also in June, a combined IAS and 
SAE dance was attended by 400 stu- 
dents and guests. Funds were ear- 
marked for a free dance for members 
of the graduation class. 

MERTON S. BEEBE 
Corresponding Secretary 


Alabama Polytechnic Institute 


A discussion on ‘‘The Development 
of High-Speed Water Vehicles” by 
their Secretary was presented before 
members of this Branch at the July 
24 meeting. The officer is a senior 
in Aeronautical Engineering. 

Members also heard a report by How- 
ard Watson, Acting Treasurer. A mo- 
tion picture about the Bell X-1A closed 
the session. Thornton A. Walker was 
welcomed as a new member. 

At the July 10 meeting, K. A. Gus- 
tafson, Project Engineer on the Chance 
Vought guided missile, Regulus |, 
made the principal address, describing 
his experiences with the air vehicle. 
Plans were discussed for a visit to 
Pensacola Naval Air Station and 4 
tour of an aircraft carrier. 
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350-TON HUFFORD STRETCH FORMER = PART OF 


ROHR’S MULTI-MILLION DOLLAR TOOL 


This giant Rohr machine is one of the two largest 
of its kind in the world. It permits the forming of 
an increasing variety of large size stringers, stiffeners, 
skins and fillet fairings ... it makes possible the form- 
ing of deep outsized contoured parts considerably 
beyond the capacity of standard stretch machines. 
and conventional presses. 

Today, with this and hundreds of other heavy 


KIT 


manufacturing machines, Rohr produces over 30,000 
different parts for aircraft of all types. This is, of 
course, in addition to Rohr's being recognized as 
the world’s largest producer of ready-to-install power 
packages for airplanes. 


For design and engineering know-how, for full 
production facilities look to Rohr to build more into 
the aircraft parts you need. 


In addition to the Boeing KC-135 shown 

here, Rohr builds power packages for many other 
leading commercial and military planes which have 
made Rohr famous as the 


WORLD’S LARGEST PRODUCER 
OF READY-TO-INSTALL 
POW-R-PAX FOR AIRPLANES 


SOHR Excellent career open- 


Nita ings now for engineers 
and skilled technicians 


Plants in Chula Vista and Riverside, California; Winder, Georgia — soon to be in Auburn, Washington 
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John E. Evers, Frank M. Awbrey, Jr.. 
Robert F. Rodgers, James L. Rice, Jr., 
and Tommy R. Watts were welcomed 
as new members. 

JoHN A. BARNES 
Recording Secretary 


Indiana Technical College 


Maurice Landford has been elected 
Chairman and Anton Zadel Vice-Chair- 


AL ENGINEERING REVIEW—OCTOBER, 


man. Other new officers are Rex 
Pierson, Treasurer, and Norman Beeler, 
Secretary. 

At the August 7 meeting, Chairman 
Landford described the Speakers Bureau 
at McDonnell Aircraft Corporation. A 
bowling team was formed, with Mr. 
Landford volunteering to act as cap- 
tain. 

WAYNE C. BOHANNON 
Secretary 


MEMBERS ELECTED 


The following applicants for membership or applicants for 
have been admitted since the publication of the list in the last issue 


Elected to Associate Fellow Grade 


Barish, David T., M.S. in Aero., Sr. 
Consultant, Barish Associates. 


Gertz, Arthur P., M.E., Engrg. Dept. 


Head, Sperry Gyroscope Co. (Great 
Neck). 
Hall, Nathan I., M.S. E.E., V-P, Dir., 


Weapon Systems Devel. Labs., Hughes 
Aircraft Co. 

Moeckel, Wolfgang E., B.S. Asst 
Chief, Supersonic Propulsion Div., Lewis 
Flight Propulsion Lab., NACA. 

Runckel, Jack F., B.S., Group Leader, 
NACA (Langley Field). 

Runyan, Harry L., M.S. in Ae.E., Aero 
Research Scientist, NACA 
Field). 


(Langley 


Transferred to Associate Fellow Grade 


Bateman, Robert E., B.S. A.E., Sr. 
Group Leader, Aerodynamics P. D., 
Plant No. 2, Boeing Airplane Co. (Seattle) 

Brough, James N., B.A., Officer Com- 
manding, RCAF Tech. Service Detach- 
ment, A. V. Roe Canada, Ltd. 

Mar, James W., Sc.D., Asst. Prof. 
Aero. Engrg., Massachusetts Institute of 
Technology. 

Olson, Walter T., Ph.D., Chief, Fuels & 
Combustion Research Div., Lewis Flight 
Propulsion Lab., NACA. 


Elected to MEMBER Grade 


Coontz, Leland I., Jr., B.S., Designer, 
Power Plant, Douglas Aircraft Co., Inc 

Davies, Richard L., B.S. in E.E., Field 
Engr., Pacific Scientific Co. 

Eulberg, Alvin C., B.S.C.E., Structures 
Engr., Convair, San Diego, A Div. of 
General Dynamics Corp. 

Forbes, Gordon R., Sr. Flight Test 
Engr., Special Projects Div., Lockheed 
Aircraft Corp. 

Frazee, Donald L., B.S., 
Engr., McDonnell Aircraft 
Louis). 

Isom, James, Jr., B.S.M.E., Aerody- 
namicist, Bell Aircraft Corp. 

Miller, Justin O., B.S., Supvr., Aero. 
Engrg. Sect., Hughes Aircraft Co. 


Lead Stress 
Corp. (St. 


change of previous grades 
of the Review 


Navoy, Helen, B.S., Systems Analysis 
Engr., Chance Vought Aircraft, Inc. 

Peduzzi, Anthony M., Design Engr., 
Aerojet-General Corp 

Rohde, Ernst M., Asst. Aviation Mgr., 
Shell Oil Co. (Los Angeles). 

Rose, Anthony A., Design Engr., Con- 
vair, San Diego, A Div. of General Dy- 
namics Corp 

Sant Angelo, Michael A., M.S.E.E., 
Sr. Project Engr., Sperry Gyroscope Co. 

Schmidt, Kenneth W., Prod 
Engr., North 
(Los Angeles 

Sidenstick, James E., B.S.M.E., De- 
sign Engr., General Electric Co. (Even- 
dale). 

Suer, Herbert S., Sc.D., Sr 
Research Engr., 
tion, Inc 

Tomlin, Keith H., B.Sc., Aerodynamics 
Engr., Prelim. Design Group, Special 
Projects Div., Lockheed Aircraft Corp. 

Torre, Cosimo, Dr. Ing., Prof., Dept 
Mech. Engrg., Syracuse Univ. 

Volkert, Paul K., B.S. in M.E 
Analyst ‘‘A,’ 
tle 

Wakeford, Ronald C., Dir. of Research 
& Engrg., General Astronautics Corp 

Watson, Frederic R., B.S., Sr. Engr., 
Products Application Dept., Shell Oil Co 
(San Francise: 

Werner, Julius M., Ph.D., Asst. Prof., 
Mech. Engrg. Dept., Svracuse Univ 

Williams, Thomas W., B.S.M.E., Pres., 
ROC Associates, Inc 

Wong, Henry H. Y., B.S. in Ae.E., 
Sr. Stressman, The de Havilland Aircraft 
Co., Ltd 


Transferred to MEMBER Grade 

Abbott, Lawrence S., B.S. in Ae.E., 
Struct. Engr., Cessna Aircraft Corp. 

Broere, Richard B., B.S., Sales Engr., 
Fluid System Components, Parker Air- 
craft Co 

Brougham, Harold E., B.S.M.E., Lead 


Design 
American Aviation, Inc 


Struct 
North American Avia- 


, Flight 
Boeing Airplane Co. (Seat- 


Struct. Design Engr., Chance Vought 
Aircraft, Inc 
Davidson, Valentine, M.S., Group 


Leader, Dynamic Testing, Canadair, Ltd 


1996 


Firman, Roy S., B. of M-E. (Aero 
Product Design Engr., Light Militar, 
Electronics Equipment Div., 
Electric Co. (Utica). 

Harris, Robert H., B. of Ae.E., Mgr 
Aviation & Defense Industries Sales, 
General Electric Co. (Atlanta) 

Krause, Lloyd N., M.S. in Ae.E., Aero 
Research Scientist, Instruments, NACA 

Leggee Richard E., B. of Ae.E., Proj 
Engr., Flight Test Center, General Elec. 
tric Co. (Schenectady ). 

Sterzik, Kurt E., B.S.E. (Aero.), Flight 
Test Engr., North American Aviation, 
Inc. 


General 


Whitehead, Belleville, Jr., B.S ME, 
Flight Test Engr., Boeing Airplane Co. 

Wright, Linwood C., Tech. Engr, 
Compressor Design Unit, Aircraft Gas 
Turbine Div., General Electric Co 

Zwemer, Howard A., S.B., 
Planning Specialist, Lockheed 
Corp. (Burbank). 


Devel. 
Aircraft 


Elected to Associate Member Grade 


Cowen, John B., B.C.S., Asst. Dir. of 
Mfg., Aerojet-General Corp. (Azusa). 

Graham, Charles J., Jr., Customer Re- 
lations Test Pilot Rep., North American 
Aviation, Inc. (Los Angeles). 

Tiburzi, August R., Pres., A. R. Tiburzi 
& Associates. 


Elected to Technical Member Grade 


Adams, Marvin B., Assoc. Engr. A, 
Tulsa Div., Douglas Aircraft Co., Inc 

Austgen, David M., B.S., Assoc. Engr., 
Northrop Aircraft, Inc. (Hawthorne) 

Backstrom, Albert A., B.S. in Ae.E,, 
Sr. Design Engr., The Frye Corp 

Barchet, Reinhold J., Propulsion De- 
sign Engr., The Glenn L. Martin Co 
(Baltimore). 

Barnes, Hollis J. W., B.S., Aero. Engr., 
McClellan AFB, USAF. 

Bernard, Ange V., Jr., B.Ae.E., Aero 
Engr., Northrop Aircraft, Inc. (Haw- 
thorne). 

Bluestein, Theodore, B.S. in Ae. Engrg., 
Aero. Engr., Hughes Aircraft Co. (Culver 
City). 

Boyd, Arden F., B.S., Aerodynamics 
Engr., North American Aviation, Inc 
(Los Angeles). 

Brown, Albert E., A.B., Aero. Research 
Scientist, Wind Tunnel Branch, NACA 
(Langley Field). 

Chonka, Emory S., B.S. in M.E 

Cook, Walter B., B.M.E., 
Chance Vought Aircraft, Inc. 

De Bus, William J., 2nd Lt., USMC 

Domostoy, Paul, B.S. in Mech. Engrg., 
Flight Test Engr., Douglas Aircraft Co., 
Inc. (Santa Monica). 

Everett, John M., B.S.A.E., Aerody- 
namicist, North American Aviation, Inc 
(Los Angeles). 


Designer, 


Frey, Walter P., B.S. in Aero. Engrg., 
Grumman Aircraft En- 


Aerodynamicist, 
gineering Corp. (Bethpage). 


Heyl, Bernard E., B.S. Ae.E., Aerody- 


namicist, McDonnell Aircraft Corp. (St 
Louis 
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X-Y Dial Drives, $55 each 


Pinion Dial Dial 
Speed Speed Rotation 


907-R18 for 4” rpm 18°/min.  Counterclockwise 


907-R144) dials 4rpm 144°/min.  Self-reversing 
908-R12 for6” % rpm  12°/min. Counterclockwise 
908-R96 dials 4rpm 96°/min.  Self-reversing 


For Use With Any Of These G-R Oscillators 
1304-B Beat-Frequency Audio Generator, $575..... 20-40,000 cycles 


1210-B Unit R-C Oscillator, $165................ 20-500,000 cycles 
1211-B Unit R-F Oscillator, $265................ 0.5-50 Mc 
1215-B Unit VHF Oscillator, $190................ 50-250 Mc 
1208-B Unit VHF-UHF Oscillator, $200........... 65-500 Mc 
1209-B Unit UHF Oscillator, $235................ 250-920 Mc 
1218-A Unit UHF Oscillator, $465................ 900-2000 Mc 


X-Y Dial Drives may be used with other equipment 
by replacing original dial with a 907 or 908 Dial. 


ACCURATE, GRAPHIC PERFORMANCE RECORDS 
Type 1215-B Unit Oscillator fitted with X-Y Dial Drive provides 
sweep signal with which to obtain frequency response of sharp 
cut-off filter. Type 1263-A Amplitude Regulating Power Supply 
holds oscillator output constant so that the plot will be a direct 
measure of filter response. 


The new General Radio X-Y Dial Drives are in- 
expensive means of adapting manually-operated equip- 
ment to sweep operation. They are designed to rotate 
automatically the standard G-R front-of-panel 4” 
and 6” diameter Precision Dials, Types 907 and 908 
respectively. Since these Dials are found on practically 
all G-R Oscillators, as well as on many other instru- 
ments, the purchase of one of each type Drive makes 
possible sweep applications over a wide range of fre- 
quencies . . . from 20 cycles to 2000 Mc. 


The X-Y Drive is quickly mounted by two screws in 
place of the oscillator knob and dial cover, and rotates 
the dial and tuning control at a uniform rate. A built-in 
potentiometer is driven in turn by the oscillator dial, 
providing an output voltage for driving the X axis of 
recording equipment. Binding posts are provided for 
connecting the necessary external d-c voltage to the po- 
tentiometer — a wide variety of recorders may, con- 
sequently, be used. 

For manual operation, a panel knob disengages the 
Drive’s synchronous motor from the oscillator dial with- 
out, however, disengaging the dial from the potentiometer, 
thus facilitating pre-recording adjustments. 


General Radio makes a number of other automatic drives for sweeping techniques. The very complete and ver- 
satile Type 1750-A Sweep Drive attaches to any knob or shaft for sweeping over wide ranges; Sweep Arc, Speed 
and Center Frequency are all continuously adjustable .. . WRITE FOR COMPLETE INFORMATION 


GENERAL RADIO Company 


275 Massachusetts Avenue, Cambridge 39, Massachusetts, U. S. A. 


90 West Street NEW YORK 6 « 8055 13th St., Silver Spring, Md. WASHINGTON, D. C. 
1150 York Road, Abington, Pa. PHILADELPHIA 
920 S. Michigan Ave. CHICAGO 5 + 1000 N. Seward St. LOS ANGELES 38 


C 


WE SELL DIRECT 
Prices are net, FOB Cambridge 
or West Concord, Mass. 
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Hirai, Yosh D., Assoc. Engr., Flight 
Test, Lockheed Aircraft Corp. (Burbank). 

Isaacson, L. King, B.S.M.E., Asst. 
Engr., Marquardt Aircraft Co. 

MacDonald, Robert A., S.B., Assoc. 
Engr., Hiller Helicopters (Palo Alto). 

Malcom, Lawrence G., B.S., Assoc. 
Engr., North American Aviation, Inc. 
(Downey). 

Petak, William J., B.S.M.E., Assoc. 
Engr., Northrop Aircraft, Inc. (Haw- 
thorne). 

Remmler, Karl L., B.S. in Aero., Tech. 
Analyst and Dynamics Engr., McDonnell 
Aircraft Corp. 


Ringgenberg, Robert L., BSA-E., 


Aircraft de-icing 
pump motor. 


Engineering 


mounted 
portable tool 

motor. 


Swivei- 


OUT OF THESE SKILLS GROW 


Assoc. Engr., Convair, San Diego, A Div 
of General Dynamics Corp. 

Rosenthal, Ralph O., B.Ae.E., Flight 
Test Engr., North American Aviation, 
Inc. (Los Angeles) 

Ross, Richard E., B.S. in Mech. Engrg., 
Operations Engr., Rocket Engine Test, 
U.S. Govt., Edwards AFB. 


Schuett, Egon H., Aerodynamicist, 
The Glenn L. Martin Co. (Baltimore). 
Shattuck, Warner, B.Ae.E., Assoc 


Research Engr 
(Wichita 
Stabler, Allen W., B.S., Flight Test 


Analyst B, Douglas Aircraft Co., Inc. 
(El Segundo 


B, Boeing Airplane Co 


Explosion-proot 
vacuum unit. 


Placing Leads 


dependable motors for your product... 


Out of long experience in the small motor field — in research, 
engineering and manufacturing — come the dependability and 
exceptional performance of Lamb Electric Motors. 


Our plant is equipped and organized to custom manufacture on 
a volume basis, and our costs are proportional to the quality 


level your product requires. 


Teaming up your engineering department with ours will 
enable your company to profit from these advantages. 


THE LAMB ELECTRIC COMPANY e 


KENT, OHIO 


In Caneda: Lamb Electric—Division of Sangamo Company Ltd.—Leaside, Ontario 


Electric 


Fractionat Horsepower MOTORS 


—-OCTOBER, 


1956 


Stouffer, Charles G., B.S 


, Flight Teg 


Engr., Fairchild Aircraft Corp Hagers. 
town). 
Szukalski, David J., B.S.E.E., Deyg 


Engr., McDonnell Aircraft Corp 


Transferred to Technical Membe; 
Grade 

Alexander, James G., A.E., 
Engr., North American 
(Columbus). 

Alukonis, Peter P., B.Ae.E., Design 
Engr., Grumman Aircraft Engineering 
Corp. 

Alvis, John H., B.S., Lt., USN 

Barlow, Robert C., B.S., Assoc. Engr, 
Aerodynamics Staff Sect., Boeing Air. 
plane Co. 

Beddingfield, Sam T., B.M.E.(A0) 
Aero. Engr., R&D, USAF, W-P AFB. 

Bennett, Russell W., Jr., B.S., Engr, 
Weights, North American Aviation, Inc 

Berns, Gerald M., B.A.E., Assoc 
Engr., The Glenn L. Martin Co. (Balti- 
more). 

Bohachevsky, Ihor O., B.A.E., Student, 
New York Univ. 

Bradley, Olin H., B.S., Flight Test 
Engr., Convair, Ft. Worth, A Div. of 
General Dynamics Corp. 

Bressler, Donald C., B.S., Engr., The 
Glenn L. Martin Co. (Baltimore) 

Bylund, Edwin B., B.Ae.E., Production 
Engr., Aero. Div., Minneapolis-Honeywell 
Regulator Co. 

Clingan, Bruce E., B.S., Assoc. Engr, 
Boeing Airplane Co. (Seattle) 

Collins, Jesse E., B.S., Assoc. Engr, 
Aerophysics Sect., Convair, Ft. Worth, A 
Div. of General Dynamics Corp 

Coffey, Bill L., Instrumentation De- 
signer (Aircraft & Missiles), McDonnell 
Aircraft Corp. (St. Louis). 

Craddock, Gerald G., B.Ae.E., Ens. and 
Flight Trainee, USN. 

Dempster, John B., B.S. in Aero. E., 
Jr. Engr. “A,” Boeing Airplane Co 
(Wichita). 

Dickinson, E. Richard, Jr., B.S.M.E, 
Assoc. Aircraft Engr., Lockheed Aircraft 
Corp. (Marietta). 

Dunlop, Robert K., B.S.M.E., Asst 
Engr., Marquardt Aircraft Co 

Eller, Joseph M., B.M.E., Mech. Engr., 
Melpar. 

Everest, Anne, B.S. in Aero. Engrg. 

Francis, Howard H., B.S., 2nd Lt, 
USAF; Student Officer, Bartow AB. 

Frost, John C., B.S., Test Engr., Gen- 
eral Electric Co. (Schenectady ) 

Gabel, Ronald M., B.S. Aero. Engrg., 
Engr., Stress Analysis, Continental Avia- 
tion & Engineering. 

Giese, James W., B.S., Assoc. Engr., 
Douglas Aircraft Co. (Santa Monica). 

Gilman, Bobby G., B.S. in Aero. Engrg., 
Scientist, Advance Study, Missile Systems 
Div., Lockheed Aircraft Co. (Van Nuys). 

Gold, Richard R., Ph.D. in A.E., Re 
search Engr., Missiles, Fire Control Sys- 
tems, Hughes Aircraft Co. (Culver City). 

Graff, Dale E., B.S., Assoc. Aero. Engr., 
The Glenn L. Martin Co. (Baltimore). 
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Aeronautical Reviews 


Tus SECTION reviews important period- 
icals, technical and research reports, and 
books received in the IAS Library in order 
to provide basic documentation for engi- 
neers and scientists. 

INTERNATIONAL AERONAUTICAL AB- 
stracts, published as an insert in each 
issue, is an accelerated reviewing service 
covering worldwide scientific and technical 
literature. This work is performed by 
the IAS Staff and is supported by the Air 
Force Office of Scientific Research of the 
Air Research and Development Command. 

A list of the periodicals and reports 
series received in the IAS Library is pub- 
lished semiannually, 
July issues. 

The AERONAUTICAL ENGINEERING IN- 
vex, published since 1947, provides an 
annual cumulation of the materials re- 
viewed in this section. 


in the January and 


THE IAS LIBRARY 


Publications reviewed in this sec- 
tion are maintained by the Library 
for use by the IAS Membership. 
They are not for sale but are made 
available through the facilities of 
the Library. 

LENDING SERVICES: Institute 
both Individual and 
Corporate, may borrow periodicals, 
reports, and books for a period of 
2 weeks, excluding time in transit. 
Excepted are certain reference books 
and those IAS publications that 
may be purchased. 

Puotocopy Services: The Li- 
brary is equipped to provide, as 
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102 AERONAUTICAL 


Acoustics, Sound, & Noise 


On the Acoustic Radiation from Bound- 
ary Layers and Jets. H. W. Liepmann 
GALCIT, Aug., 1954. 24 pp. 10 refs 
Theoretical study of aerodynamically 
created sound with considerations leading 
to a description of the noise field produced 
by boundary layers. The derived concept 
of induced velocities due to displacement 
effects is extended to flow in jets. 

An Investigation of the Noise Produced 
by a Subsonic Air Jet. J. H. Gerrard. 
J. Aero. Sci., Sept., 1956, pp. 855-866, 
873. 15 refs. Measurements, over a wide 
frequency range and in 1/3-octave bands 
in this range, of the sound field of a 1- 
in. air jet issuing from a long pipe, with 
the mean Mach Number at the pipe 
orifice varying from 0.3 to 1.0, in order 
to determine the validity of the Lighthill 
predictions on aerodynamic sound.  Ex- 
amination of the dependence of the ap- 
parent position of the noise sources on 
frequency and jet speed and of the de- 
pendence of noise intensity upon jet speed 
in terms of the power relation p?aM”. 

An Analysis of Buzzing in Supersonic 
Ram Jets by a Modified One-Dimensional 
Nonstationary Wave Theory. Robert L 
Trimpi. U.S, NACA TN 3695, July, 
1956. 72 pp. Derivation of a theory 
applicable to the buzzing problem ob- 
tained by modification of the one-di- 
mensional, unsteady-flow theory and 
introducing specified assumptions which 
greatly facilitate the computational ef- 
forts without impairing the usefulness of 
the theory for this type of flow. 

Measurements on the Velocity of 
Sound in Air Under Pressures up to 20 
Atm. Combined with Thermal Diffusion. 
A. Van Itterbeek and W. de Rop. Appl. 
Sct. Res., Sect. A, No. 1, 1956, pp. 21-28. 

Propagation of Sound in Monatomic 
Gases. U.S., NBS Sum. TR _ 2034, 
July, 1956. 10 pp. Measurements (us- 
ing a double-crystal interferometer with 
a number of design improvements) of the 
speed and attentuation of eleven-mc./sec. 
sound waves in helium, neon, argon, 
krypton, and xenon to provide new in- 
formation on the behavior of gases under 
nonequilibrium conditions, permitting an 
intercomparison of: propagation theories 
based on “‘classical’’ equilibrium assump- 
tions with those based on modern kinetic 
concepts. Results are applicable to theo- 
ries of nonuniform gases and to problems 
involved in upper-atmosphere flight, prop- 
agation of shock waves, and in general 
high-speed gas dynamics. 


Aerodynamics 


Aerothermodynamics 


The Problem of Aerodynamic Heating. 
E. R. Van Driest. JAS Natl. Summer 
Meeting, Los Angeles, June 18-21, 1956, 


Preprint 645. 31 pp. 25 refs. Mem- 
bers, $0.65; nonmembers, $1.00. Analy- 


sis of the rate of heat transfer to the sur- 
face of high-speed vehicles. 

An Investigation of the Effects of Heat 
Transfer on Boundary-Layer Transition 
on a Parabolic Body of Revolution 
(NACA RM-10) at a Mach Number of 
1.61. K. R. Czarnecki and Archibald R. 
Sinclair. U.S., NACA Rep. 1240, 1955. 


ENGINEERING REVIEW—OCTOBER, 1956 


ll pp. 14 refs Wash. 
$0.20 

A Review of Heat Transfer Data on the 
Evaporation of Liquids at Sub-Atmos- 
pheric Pressures. T.D. Patten. Gt. Brit. 
RAE TN Mech. Eng. 216, Apr., 1956. 
22 pp. 24 refs. Presentation of availa- 
ble data, particularly with regard to 
water and to the existing correlations of 
experimental results, and with special 
attention given to those theories of heat 
transfer during boiling which are likely to 
be encountered in practice. The study is 
directed toward the solution of the prob- 
lem of cooling at high aircraft speeds 
through the possibility of rejecting the 
heat to a liquid as its latent heat of evap- 
oration. Includes a graph compiled from 
existing data and applicable as a rough 
guide to the heat-transfer properties of 
boiling water 

Heat Transfer in Compressible Lami- 
nar Boundary Layers. II. S. Lal. J 
Aero. Soc. India, May, 1956, pp. 19-34 
Development of similarity equations 
(when pressure gradients are 
known) formed by a suitable combination 
of the independent variables such that 
partial) differential equations governing 
boundary-layer flow can be reduced to a 
system of ordinary differential equations 

Calculations of Laminar Heat Transfer 
Around Cylinders of Arbitrary Cross Sec- 
tion and Transpiration-Cooled Walls with 
Application to Turbine Blade Cooling. 
E. R. G. Eckert and J. N. B. Livingood, 
U.S., NACA Rep. 1220, 1955. 21 pp. 
Supt. of Doc., Wash, $0.25. Develop- 
ment of an approximate method for the 
determination of flow and thermal bound- 
ary layers around cylinders with trans- 
piration-cooled walls using the von 
Karman integrated momentum equation 
and an analogous heat-flow equation 

Engineering Relations for Heat Trans- 
fer and Friction in High-Velocity Laminar 
and Turbulent Boundary-Layer Flow 
Over Surfaces with Constant Pressure 
and Temperature. E. R. G. Eckert, 
(ASME Diamond Jubilee Meeting, Chi- 
cago, Nov. 13-18, 1955.) Trans. ASME, 
Aug., 1956, pp. 1,273-1,283. 29 refs. 

Turbulent - Heat- Transfer Measure- 
ments at a Mach Number of 3.90. Mau- 
rice J. Brevoort. U.S., NACA TN 
3734, July, 1956. 15 pp. Experimental 
investigation using an axially symmetric 
annular nozzle consisting of an inner, 
shaped center body and an outer cylindri- 
cal sleeve 

Surface-Protection and Cooling Sys- 
tems for High-Speed Flight. D. J. 
Masson and Carl Gazley, Jr IAS 
Natl. Summer Meeting, Los Angeles, June 


Supt. of Doc., 


speci 


18-21, 1956, Preprint 638. 19 pp. 13 refs 
Members, $0.50; nonmembers, $0.85 


Discussion of 
craft under 
heat inputs 
The Thermal Problems of High-Speed 
Flight and the General Electric Aircraft 


cooling systems for air- 


transient and continuous 


Cooling Program. J. W. Rizika. ASI E 
Semi-Annua Veeting, Cleveland, June 


17-21, 1956, Paper 56—SA-24. 11 pp 
Review of the problems including aero- 
dynamic heating, internal heat sources, 
and heat sinks, with a discussion of the 
objectives and some of the conclusions. 

Diffusion Effects in a Binary Isother- 
mal Boundary Layer. E. R. G. Eckert 


and P. J. Schneider. U. Minn. Ing 
Tech. Dept. Mech. Eng. TR 5 (OSR Ty 
55-238), Nov., 1955. 15 pp Evalua. 


tion of the mass-transfer cooling method 
Similarity solutions are obtained for plan. 
longitudinal flow over a flat porous plat, 
with normal injection of a fluid wt 
variable properties are widely 
from those of the main stream 
Tip-Bluntness Effects on Cone Pres. 
sures at M = 6.85. Mitchel H 
J. Aero. Sci., Sept., 1956, pp 
Experimental investigation to examine 
the aerodynamic effect of a simple type of 
nose blunting on a basic body, taking into 
account the thermodynamic aspect 


Ose 
different 


Bertram 


Boundary Layer 


Some Problems in Boundary-Laye; 
Transition. J. A. Steketee. l/7TJA Rep 
38, Apr., 1956. 105 pp. 46 refs. The 
oretical investigation, using models which 
illustrate some aspects of the reality, to 
establish the existence of regions of tur. 
bulent flow clearly distinguished from, 
and surrounded by, laminar flow and to 
determine the way in which these regions 
grow and are transported, in order to 
provide analytical support for the em. 
pirical facts forming the basis for the 
Emmons theory of boundary-layer transj- 
tion. 

Asymptotic Suction Characteristics of 
the Boundary Layer Over a Circular 
Cylinder. H. G. Lew. J. Aero. Sci, 


Sept., 1956, pp. 895-897 OSR-sup- 
ported theoretical investigation 
Méthodes de Calcul de la Couche 


Limite Laminaire Bidimensionnelle en 
Régime Compressible. E. A. Eichel- 
brenner. France, ONERA Pub. 83, 1956 
135 pp. 28 refs. In French. Develop. 
ment of methods for the calculation of the 
laminar two-dimensional boundary layer 
in a compressible fluid, with an ‘analysis 
of the initial conditions related to the 
problem of the boundary layer behind a 
detached shock wave and with a discus- 
sion of mathematical aspects of the prob- 
lem 

An Evaluation of Four Experimental 
Methods for Measuring Mean Proper- 
ties of a Supersonic Turbulent Boundary 


Layer. George J. Nothwang U.S. 
NACA TN 3721, June, 1956. 34 pp. 


Analytical results of surveys made through 
a turbulent boundary layer on a flgt plate, 
at one longitudinal station on the plate, 
by means of a pitot probe, an X-ray 
densitometer, and hot-wire probes, with 
tests conducted in an 8- by 8-in. super- 
sonic nozzle at free-stream Mach Number 
of 3.03 and Reynolds Number of approxi- 
mately 210,000 based on boundary-layer 
thickness. 

Strato Limite Attorno ad una Lastra 
Piana Investita da un Fluido Incompres- 
sibile Dotado di una Velocita che é Somma 
di una Parte Costante e di una Parte 
Alternata. Silvio Gibellato. (A¢ti Accad. 
Sct. Torino, 1955-1956.) Torino Poly- 
tech. Inst., Aero. Lab., Monographs 3352, 
1955, 1956. 13, 12 pp. In Italian. 
Investigation of the boundary layer on 4 
flat plate in incompressible flow at partly 
constant and partly alternate velocities. 

Elementarer Existenzbeweis fiir die 
Grenzschichtstrémung an einer Klasse 
rotierender Kérper. Theo Geis. 74MM, 
In Ger- 
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man. Analysis of the problem of finding 
the boundary -layer flow on bodies of 
revolution of a certain shape rotating 
about their own axis in otherwise undis- 
turbed fluid 

Décollement Laminaire en Deux Di- 
mensions; Confrontation Entre Théorie 
et Expérience. E. A. Eichelbrenner and 
H. Werlé. La Recherche Aéronautique, 
May -June, 1956, pp. 11-18. In French. 
Comparison of experimental results ob- 
tained from tests in the Chatillon hydro- 
dynamic tunnel with calculations of the 
point of laminar separation and of the 
velocity profiles in the boundary layer 
located immediately downstream of the 
separation, obtained by using the Pol- 
hausen method. 

Versuche iiber die Beeinflussung der 
Grenzschicht am Tragfliigel. Luftfahrt- 
technik, Oct. 15, 1955, pp. 109-111. In 
German. Analysis of existing methods of 
boundary-layer control and of a tentative 
modification program. 

Untersuchungen iiber die Abhangigkeit 
des Umschlages laminar-turbulent von 
der Oberflachenrauhigkeit und der Druck- 
verteilung. E. G. Feindt. DFL Inst. 
Aero., Bericht No. 56/10, Apr. 17, 1956. 
167 pp. In German. Experimental in- 
vestigation to determine the manner in 
which the location of the laminar-tur- 
bulent transition point depends on pres- 
sure gradient and surface roughness in 
the case of flow along a wall with three- 
dimensional roughness elements and flow 
along a wall with a two-dimensional indi- 
vidual roughness element. 

Grenzschicht-Steuerung zur Vermei- 
dung der Ablésung und zur Erzielung 
geringen Luftwiderstandes. G. V. Lach- 
mann. Flugwelt, May, 1956, pp. 290- 
292,294. InGerman. Study of boundary- 
layer control for avoiding the separation 
and diminishing the drag. 


Control Surfaces 


An Investigation of Forward-Located 
Fixed Spoilers and Deflectors as Gust 
Alleviators on an Unswept-Wing Model. 
Delwin R. Croom, C. C. Shufflebarger, 


and Jarrett K. Huffman. U.S., NACA 
TN 3705, June, 1956. 26 pp. Evaluation 
of forward-located fixed spoilers, de- 


flectors, or a spoiler-deflector combination 
to determine their static longitudinal 
aerodynamic characteristics and gust al- 
leviation capabilities. Results show that 
the lift-curve slopes are fairly linear and 
substantially reduced by the addition of 
either the spoiler or the deflector con- 
figuration. The slope, however, is non- 
linear for the spoiler-deflector combina- 
tion. 

Practical Work on ‘‘Flap-Blowing”’; 
Modified de Havilland Sea Venom Mk. 
21 with Especially Adapted de Havilland 
Ghost Engine; First Trials of ‘‘Flap- 
Blowing” on a British Aircraft Carrier. 
de Havilland Gazelle, June, 1956, pp. 
80, 81. 


Fluid Mechanics & Aerodynamic Theory 


Transport Properties for Binary Gas 
Mixtures. W. O. Carlson and P. J. 
Schneider. U. Minn. Inst. Tech. Dept. 
Mech. Eng. TR 7 (OSR TN 56-45) Jan., 
1956. 46 pp. 14 refs. Review of various 
methods for calculating transport proper- 
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~ How many jobs can a 
vibration exciter do? 


a SYSTEMS can help you 
in at least five important ways. 


Fatigue testing. Shakers have 
both the range and capacity to 
determine fatigue limits of struc- 
tural members, assemblies, air- 
craft wing and tail structures. 
Peak forces of up to 25,000 
pounds are now obtainable with 
MB Exciter Systems. 


Environmental vibration testing to 
MIL-E-5272 and other govern- 
ment specifications. This is most 
important now for assuring reli- 
ability of performance in military 
production. But the same tech- 
niques can be used also to im- 
prove all types of products. 


Noise. Just where in a product 
does it come from and how to 
eliminate it? An MB shaker helps 
pinpoint the disturbance by let- 
ting you vibrate the product 
through a whole range of fre- 
quencies with the twist of a dial. 


Complex wave testing, including 
random motions. This is some- 
thing new! It subjects a specimen 
to the same kind of vibration as 
that encountered in actual serv- 
ice. MB electrodynamic shaker 
systems offer the frequency 
range, high acceleration, and 
freedom from distortion needed 
for this kind of job. 


Production and Quality Control. 
Your ideas are needed here. For 
example: Someone discovered 
that size of fine powder particles 
which sift readily through a 
screen varies with the screen’s 
frequency of vibration. Permit- 
ting easy control of frequency, 
an MB shaker is capable of 
working on a production line! 
Tubes too are being production- 
tested with MB Exciters. 


If you need help in putting vi- 
bration exciters to work, get in 
touch with MB... . leading pro- 
ducer of vibration test equipment. 


manufacturing company 


A DIVISION OF TEXTRON INC. 
1060 State Street, New Haven 11, 
HEADQUARTERS FOR PRODUCTS TO ISOLATE... 


Conn. 
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ties to select or develop the most rapid 
method of calculating these properties 
over a full range of mixture concentra- 
tions and a wide range of mixture tem- 
peratures 

Experiments on Two Dimensional Base 
Flow at M = 2.4. L. Fuller and J. Reid 
Gt. Brit. RAE Rep. Aero. 2569, Feb., 
1956. 50 pp. Tests on a family of two- 
dimensional afterbodies to determine the 
effects of boattail angle and internal flow 
on the base pressure, afterbody pressure, 
and velocity distribution in the wake. 

Scambi di Quantita di Moto, di Calore 
e di Massa fra Correnti di Miscele Gas- 


Vapore e Superfici Bagnate. Gianni 
Jarre (Atti Accad. Sci. Torino, 1955 
1956.) Torino Polytech. Inst., Aero. Lab., 


Monograph 364, 1956. 21 pp. In Italian. 
Derivation of equations related to the 
fields of velocity, concentration, and 
enthalpy in a mass of gas vapors, with a 
discussion of the mixing process, and the 
mass and heat transfer between a uni- 
form gas flow and a wetted surface formed 
by the liquid or solid phase of the vapor 

Preliminary Report on a Study of 
Separated Flows in Supersonic and Sub- 
sonic Streams. Dean R. Chapman, 
Donald M. Kuehn, and Howard kK. Lar- 


son. U.S., NACA RM <A55L14, June 
12, 1956. 15 pp. 10 refs. Results of 
theoretical and experimental! investiga- 


tions, with measurements for a variety of 
two-dimensional shapes and observation 
of the overall pressure rise to the separa- 
tion point and to the first peak pressure 
in flows where sizable separated regions 
exist. The location of transition relative 
to the reattachment and the separation 
conditions is taken into account 

Spherical, Cylindrical and One-Di- 
mensional Gas Flows. Joseph B. Keller. 
Quart. Appl. Math., July, 1956, pp. 171 
184. Formulation of the problem of 
spherical, cylindrical, or planar flow of a 
polutropic gas in Lagrangian variables, 
giving rise to a nonlinear second-order 
partial differential equation in two vari- 
ables h and ¢. Derivation of a class of 
special solutions of this equation by sep- 
aration of variables depending upon an 
arbitrary function which is related to the 
arbitrary entropy distribution in the gas. 
Application of the solution to the propa- 
gation of finite and strong 
variable media. 

Preliminary Low Speed Wind Tunnel 
Tests on Flat Plates and Air Brakes: 
Flow, Vibration and Balance Measure- 


shocks in 


ments. R. Fail, T. B. Owen and R. C. W. 
Eyre. Gi. Brit. ARC CP 251 (Jan., 
1955), 1956. 45 pp. BIS, New York, 
$1.08. Includes flow measurements be- 


hind sharp-edged flat plates (a) at 90° 
for various shapes and (b) for a square 
plate over an incidence range; and lift, 
drag, and pitching-moment increment 
measurements on a square plate mounted 
(c) on a long cylinder and (d) near the 
end of several shapes of rear fuselage. 

Gesetzmassigkeiten der freien Tur- 
bulenz. Reichardt. V DI-For- 
schungsheft 414, 1951. 30 pp. 23 refs. 
In German. Reconsideration of the 
theory of free turbulence without taking 
into account the specific turbulence hy- 
potheses. 

Die Strémung einer Quellstrecke im 
Halbraum—eine strenge Lisung der 


Navier-Srokes-Gleichungen. C. Schmie- 


den and K.-H. Miiller. DVL Bericht No. 
10, Jan., 1956. 29 pp. Westdeutscher 
Verlag, Kéln & Opladen, DM _ 8.80 


In German 
constant 


The flow of a source line of 
yield, located on the vertical 
s axis and bounding the x-y plane, is de- 
termined as a rigorous solution of the 
Navier-Stokes equations. 

On Equations of Motion for a Com- 


pressible Viscous Gas. E. V. Laitone 
J. Aero. Si Sept., 1956, pp. 846-854 
20. refs Evaluation of the Navier- 


Stokes equations, the higher order kinetic 
theory and the first- 
equations of continuum 
terms of their usefulness 
in calculating compressible viscous flow 
Includes comments and experimental ob- 
servations on the effect of rigid body ro- 
tation 

The Formulation of Potential Flow 
Problems in Terms of a Fredholm In- 
tegral Equation of the Second Kind and 


approximations, 
order dynamic 
mechanics, in 


Integral Equation Methods for Con- 
formal Mapping. Leonard Pode. U.S 
Navy Dept., David W. Taylor Model 
Basin, Rep. 939, Mar., 1956. 46 pp 


A Potential Flow Model for the Flow 
About a Nacelle with Jet. 
A—A Potential Flow Model for Two 
Dimensional Duct Flow. Appendix B 
The Two Dimensional Duct at Incidence. 
Appendix C—The Axi-Symmetric Duct 
in Potential Flow. A. H. Craven. Coll. 
é Cranfield, Rep. 101, Mar., 


13 refs 


Appendix 


of Aeronautic 


1956. 54 pp 


L'Ecoulement Supersonique Autour 
d'une Aile 4 Disque Axial. Elie Carafoli 
and Béatrice Horovitz. Rev. Méc. Appl., 
No. 1, 1956, pp. 7-33. In French. Study 


of the supersonic flow around an airfoil 
equipped with an axial disc. 

Le Mouvement Supersonique Autour 
d'une Aile Qui Traverse un Cone Presque 
Circulaire. N. N. Patraulea Rev. 
Méc. Appl., No. 1, 1956, pp. 57-61. In 
French. Study of the supersonic flow 
around a triangular wing traversing a 
circular cone and the Mach cone. The 
Busemann theory of conical flows is 
used for deriving a solution presented as 
a series whose coefficients are easily cal- 
culated 

The Flow Past an Unswept- and a 
Swept-Wing-Body Combination and Their 
Equivalent Bodies of Revolution at Mach 
Numbers Near 1.0. Walter F. Lindsey. 
U.S., NACA TN 3703, June, 1956. 18 
pp. Tests using the schlieren method of 
flow visualization to provide data for com- 


parison 

Sulla Determinazione della Forma 
Esterna del Condotto di Rotazione di 
Minima Resistenza, per Determinate 


Condizioni Poste alla Linea Meridiana, 
in Corrente Supersonica Linearizzata. 
Carlo Ferrari. (Mem. Accad. Sci. Torino, 
Ser. 3, Vol. A, Pt. 1.) Torino Polytech. 
Inst., Aero. Lab., Monograph 360, 1955. 
56 pp. In Italian. Determination of the 
external contour of a body of revolution 
of minimum drag for obtaining condi- 
tions at stations along the meridian line 
in linearized supersonic flow. 
Investigation at Supersonic Speeds of 
the Variation with Reynolds Number 
and Mach Numter of the Total, Base, and 
Skin-Friction Drag of Seven Boattail 
Bodies of Revolution Designed for Mini- 


mum Wave Drag. August F. Brom 
Jr., and Julia M. Goodwin US. 


NACA TN 3708, June, 1956. 20 pp. 

K Teorii Tel Malogo Udlineniia. \ 
N. Kogan. Prikl. Mat. i Mekh., 1956 
pp. 87-94. In Russian. Analysis of the 
use of the theory of conformal trans. 
formations in solving three-dimensiopa 
problems of a supersonic flow 
foils 

Study of Hydrodynamic Parametey 
for Design of a Strut Suitable for Ele. 
tromagnetic Rodmeter. M. P. Burka 
and M. S. Macovsky. U.S., Navy Dept, 
David W. Taylor Model Basin, Rep 
1027, Mar., 1956. 18 pp. 10 refs. Ry. 
perimental investigation of various modi. 
fications to a strut having an EPH. 
section profile in order to determine their 
effectiveness in stimulating boundary. 
layer transition without appreciably low. 
ering the speed of incipient cavitation, 
and of the vortex excitation character. 
istics of struts, with results extrapolated 
to cover the full operating speed range of 
the rodmeter. 

A Review of the Hypersonic Research 
Carried Out at Princeton University from 
1949-1955. S. M. Bogdonoff. USAF 
WADC TR 55-211, Mar., 1956. 13 pp 
17 refs. Summary of theoretical and ex. 
perimental studies on the effects of vis. 
cosity at hypersonic speeds with test re. 


past air. 


sults obtained at Mach Numbers be- 
tween 11 and 15. Also includes studies 
on the effects of condensation and de- 


scription of hypersonic wind tunnels 
Variational Method in the Theory of 
Axisymmetric Rotational Flow of a Com- 
pressible Fluid. Bohdan Krajewski. J 
Aero. Sci., Sept., 1956, pp. 891, 892. 
The Rotational Field Behind a Curved 
Shock Wave Calculated by the Method 
of Flux Analysis. Shigeo 
Michiru Yasuhara. J. Aero 
1956, pp. 880-845. 34 refs 
Shock-Turbulence Interaction and the 
Generation of Noise. Appendices A, 
B—Complete Velocity Spectrum Tensor. 
Appendix C—Calculations for Axisym- 
metric Initial Turbulence. H. S. Ribner 
U.S., NACA Rep. 1233, 1955. 19 pp. 
14 refs. Supt. of Doc., Wash. $0.25 
Analysis of a convected field of turbulence 
with a shock wave, including data for 
modified turbulence, entropy spottiness, 
and noise generated downstream of the 
shock. 
An Introduction to the Use of the Shock 
Tube for the Determination of Physico- 
Chemical Parameters. S. S. Penner, F. 


Uchida and 
Ct., Sept 


Harshbarger, and V. Vali. GALCIT 
AF 18(603)-2 TR 1, June, 1956. 24 pp 
Analysis of applications of the shock 


tube at elevated temperatures, including 
a qualitative survey of shock-tube de- 
velopment describing the principles and 
performance of various designs, a survey 
of optical techniques suitable for shock- 
tube studies, and a summary of repre- 
sentative determinations of physicochem- 
ical parameters behind incident and re- 
flected shock waves. The applicability 
of the shock tube as a research tool for 
studies of processes related to com- 
bustion reactions is pointed out 
Gas-Dinamica Transonica. Silvio No- 
cilla. (R. C. Accad. Nazl. Lincei, Classe 
Sci. Fis. Mat. et Nat., Ser. 8, Jan., 1955.) 
Torino Polytech. Inst., Aero. Lab., Mono- 
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7-inch Waldes Truarc retaining rings cut costs, 
speed assembly-disassembly of 2-high/4-high mill 


New Model TA-625 2-high/4-high combination 
rolling mill designed by Stanat Manufacturing 
Co., Long Island City, N. Y., reduces 2/2” ingot 
. to precision-rolled strip as thin as .001”. 

Waldes Truarc retaining rings help make 
| ==. & possible a complete change of work rolls in 


Ue 


20 minutes...solve difficult problems of accu- 
‘ racy control by achieving positive location of 
bearings to extremely close tolerances. Rings 
< eliminate costly parts and machining, save 
ae space, reduce maintenance. 


In the assembly illustrated above, 7’’ Waldes Truarc (Series 
5000) retaining rings—three on each roller—are used to posi- eC — 
tion heavy-duty needle bearings in the bearing housing. Assembly is simple, even with giant 7’ diameter Truarc ring. 


Smaller rings position bearings in other roller assemblies and Special Truarc ratchet pliers grasp the ring securely, ease it 
retain the shaft of a dual handwheel screwdown. All in all, into the groove, snap it securely into position. Smaller pliers 
18 Waldes Truarc rings are used in the mill. They replace and various high-speed assembly jigs are available for other 
machined shoulders, spacers and lock nuts...eliminate costly rings, permit assembly-disassembly to be performed rapidly 
threading, other machining operations. even by unskilled labor. 

Whatever you make, there’s a Waldes Truarc Retaining ent sizes within a type... 5 metal specifications and 14 different 
Ring designed to improve your product... to save you material, finishes. Truarc rings are available from 90 stocking points 
machining and labor costs. Quick and easy to assemble and throughout the U.S.A. and Canada. 

disassemble, they do a better job of holding parts together. More than 30 engineering-minded factory representatives 
Truarc rings are precision-engineered and precision-made, qual- and 700 field men are available to you on call. Send us your 
ity controlled from raw material to finished ring. blueprints today...let our Truarc engineers help you solve de- 
36 functionally different types...as many as 97 differ- sign, assembly and production problems... without obligation. 


For precision internal grooving and undercutting...Waldes Truarc Grooving Tool! 


WALDES 


Waldes Kohinoor, Inc., 47-16 Austel Place, L.1.C. 1, N.Y.- 
ey send the new supplement No. 1 which 
Catalog RR 9-52 up to date. 
P print) 


Name & 
Title. “Rig 
Company 4y Vey 
RETAINING RINGS Business Address ay 
© 1956 Waldes Kohinoor, Inc., 47-16 Austel Place, L.1.C.1,N.¥. 


WALDES TRUARC pee Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2, 382,948; 2,411,426; 
gail 1761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2, a 380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2) 491, 310; 2,509,081; 
2,544, ‘631; 2, 546, 616; 2) 547,263; 2, 558, 704; 2: 574, 034; 2) 577’, 319; 2,595,787, and other U.S . Patents pending. "Equal patent protection established in foreign countries. 
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graph 350, 1955. 7 pp. In Italian. Dis- 
cussion of the solution of the Tomotika- 
Tamada equation for transonic flow. 

Sur la Turbulence Spatialement Homo- 


géne d’un Fluide Compressible. Maria 
Z. Krzywoblocki. France, Min. de 
lV Air PST 314, 1956. 54 pp. 10 refs. 


SDIT, 2, Av. Porte-d’Issy, Paris 15, Frs. 
650. In French. Generalization of the 
Dampé theory, taking into account the 
von Karman, Kolmogoroff, Heisenberg, 
and Onsager theories. 

A New Look at the Reynolds’ Stresses. 
R. W. Stewart. Can. J. Phys., July, 1956, 
pp. 722-725. Theoretical analysis with 
results indicating that the effects of scale 
of turbulence on the mean flow are negli- 
gible, as is the influence of isotropic tur- 
bulence, and that the Reynolds’ stresses 
are only important in that they express 
the amount and orientation of the anisot- 
ropy of the turbulence. 


Internal Flow 


Beitrag zur Berechnung von Sekundar- 


stré6mungen. FE. Becker. Max.-Planck- 
Inst. ftir Stromungsforschung, Mitteil., 
No. 13, 1956. 85 pp. 34 refs. DM 8. 


In German. Investigation of the ro- 
tationally symmetric flow of a real in- 
compressible fluid between two fixed par- 
allel surfaces where the streamlines of the 
mean flow form concentric circles. The 
centrifugal forces caused by the curva- 
ture of the streamlines are followed by sec- 
ondary flows. The secondary flows are 
determined, taking into account experi- 
mental aspects covering turbulent flows 
and theoretical aspects of the problem 
which include the laminar case. 

Alternating Pressures and Blade Stresses 
in an Axial Flow Compressor. Appen- 
dix I—Derivation of Relation Between 
Pressure on a Blade Section and the 
Pressure in the Compressor Annulus. 
J. R. Forshaw, H. Taylor, and R. Chaplin. 
Gt. Brit., ARC R&M 2846 (June, 1951), 
1956. 29 pp. BIS, New York, $1.44. 
Experimental investigation to determine 
the origin of the forces exciting vibration 
in an axial-flow compressor and their 
magnitude relative to the calculated gas 
bending loads. The blade stresses result- 
ing from these forces are measured, and a 
value is obtained for the energy input toa 
blade when vibrating in the predominant 
modes under running conditions. 

Stall Propagation in Axial-Flow Com- 
pressors. Appendix A—Calculation of 
Cascade Discharge Coefficient for Real 
Cascade. Appendix B—Stall Propagation 
Velocity in Polar Coordinates. Appendix 
C—Stall Propagation Velocity with Flow 
Into a Continuum. Alan H. Stenning, 
Anthony R. Kriebel, and Stephen R. 
Montgomery. U.S., NACA TN 3580, 
June, 1956. 83 pp. 11 refs. Derivation 
of a theory based on the assumption that 
the flow behind the cascade consists of 
free jets discharging into a constant- 
pressure region. The effects of finite 
blade chord and of the boundary-layer re- 
sponse to changes in angle of attack are 
taken into account, and the theory is valid 
for small perturbations in velocity about 
a mean flow condition with finite pressure 
rise across the cascade, provided that the 
pressure fluctuations downstream of the 
cascade are much smaller than those up- 
stream. 


Stall Propagation in a Cascade of Air- 
foils. Anthony R. Kriebel. J. Aero. Sci., 
Sept., 1956, pp. 897, 898. Experimental in- 
vestigation with results suggesting a new 
analytical approach to the problem which 
is not restricted to small unsteady per- 
turbations or an assumed simplified cas- 
cade geometry 

Determinazione delle Caratteristiche 
di un Compressore Centrifugo Speri- 


mentale. Riccardo Mautino. (Boll 
Tec., Fiat Grandi Motori, No. 1, 1954.) 
Torino Polytech. Inst., Aero. Lab., Mono- 
graph 341, 1955. 8 pp. In Italian. Ex- 
perimental determination of the char- 
acteristics of a centrifugal compressor. 
Techenie Viazkogo Gaza Mezhdu 


Dvumia Dvizhushchimisia Parallel’nymi 
Tsilindricheskimi Poverkhnostiami Pro- 
izvol’noi Formi. E.L.Blokh. Prikl. Mat. 
t Mekh., 1956, pp. 116-119. In Russian. 
Study of the flow of viscous gas between 
two parallel cylindrical surfaces of arbi- 
trary form 

Essais de Deux Grilles d’Aubes de 
Compresseurs. Robert Legendre. La 
Recherche Aéronautique, May-June, 1956, 
pp. 3-10. 13 refs. In French. Results 
of low-speed wind-tunnel experiments on 
compressor blades 

Die Geschwindigkeitsverteilung an der 
ebenen Platte im Gitterverband. O 


Saffet Miiftiioglu Braunschweigische 
Wissenschaftliche Gesellschaft, Abhand- 
lungen, Vol. 6, 1954, pp. 220-227. Reprint. 


In German. Calculation of the velocity 
distribution on the flat plate in a cascade 
by means of conformal mapping for 
values of the solidity ¢/1 = 0.5, 0.75, 
1.5, and of angles of stagger \ = 0, 30, 45, 
and 60°. 

Analiza Przeplywu Przez Stopien Spre- 
zarki Osiowej. Bohdan Krajewski. Tech. 
Lotnicza, Jan.-Feb., 1956, pp. 2-5. In 
Polish. Analysis of the flow through one 
stage of an axial compressor. 

A Potential Flow Solution with Applica- 
tions in Studies Concerning Mass Addi- 
tion Along the Boundaries of the Flow. 
J. Leith Potter and Norman M. Shapiro. 
USRA OML Rep. 2R16F, June 18, 1956. 
17 pp. Analysis of a system where mass 
is added from the opposite walls of a two- 
dimensional container or chamber which 
is closed at one end and open at the other, 
using potential flow methods. 

Entry of Conducting and Non-Conduct- 
ing Fluids in Pipes. J. A. Shercliff. Proc. 
Cambridge Philos. Soc., July, 1956, pp. 
573-583. Linearization, by means of a 
Rayleigh approximation adapted for cases 
involving a pressure gradient, of the prob- 
Jem of estimating the entry length over 
which the laminar motion of an electri- 
cally conducting, viscous fluid in a pipe 
under a transverse field adjusts to a steady 
state from some initial state. 

Turbulent Flow in the Entrance Region 


of a Pipe. Donald Ross. Trans. ASME, 
July, 1956, pp. 915-923. 16. refs. 
Abridged Navy-supported derivation 


of an analytical solution for the turbu- 
lent boundary-layer flow. Equations 
yield the relative momentum thickness 
at any station within ten diameters of the 
entrance, and from this the pressure 
drop and head loss are calculated. 

A Study of the High-Speed Perform- 
ance Characteristics of 90° Bends in 
Circular Ducts. James T. Higginbotham, 


1956 


Charles C. Wood, and E. Floyd Valentin, 
U.S., NACA TN 3696, June, 1956 , 
pp. Investigation of the performance ,; 
four bends in ducts of constant diamet, 
with ratios of radius of curvaty 
to diameter of 0.75, 1.00, 2.50, and 44 
over a range of inlet Mach Numbers q. 
tending up to the choking condition fy, 
both thin and thick inlet boundary layers 

Theoretical Investigation of the }p. 
fluence of Viscous Friction on a Play 
Wave of Finite Amplitude in a Compres. 
sible Fluid. J. A. Owcezarek. Quart, J 
Mech & Appl. Math., June, 1956, pp 
143-163. 

Measurements of Attenuation of Com. 
pression Waves of Finite Amplitude jp 
Air and Evaluation of the Coefficient ¢ 
Friction. J. A. Owczarek. Quart. | 
Mech. & Appl. Math., June, 1956, pp 
164-184. 

Characteristics of Four Nose Inlets as 
Measured at Mach Numbers Betweey 
1.4 and 2.0. Appendix—Evaluation of 
Drag of Axially Symmetric Bodies from 
Shock-Wave Photographs. George B 
Brajnikoff and Arthur W. Rogers. U.S. 
NACA TN 3724, Aug., 1956. 48 pp. 2 
refs. 

The Free StreamJine Method Applied 
to the Flow at the Rear of a Duct. Ap. 
pendix—The ‘Free Streamline’ Method 
Applied to the Flow at the Rear of a Two- 
Dimensional Duct. A. H. Craven 
Coll. of Aeronautics, Cranfield, Rep. 99, 
Mar., 1956. 24 pp. Determination of 
complex potentials for the jet flow and the 
flow in the free stream, resulting in a 
calculation of the equation for the wake 
streamline and the velocity and pressure 
distributions. Includes consideration of 
the corresponding axisymmetric problem 

Analytic Determination of Two-Di- 
mensional Supersonic Nozzle Contours 
Having Continuous Curvature. James C 
Sivells. USAF AEDC TR 56-11, July, 
1956. 29 pp. Methods of determining 
coordinates for: perfect-fluid contours 
downstream of the inflection point in a 
supersonic nozzle. 

Le Tracé du Profil d’un Collecteur 
Pour Soufflerie Aérodynamique. M 
Vsevolod Sisojev. Tech. et Sci. Aéro- 
nautiques, No. 2, 1956, pp. 100-104 
In French. Development of a method 
based on analytic principles for calculating 
the profile of a contraction cone used ina 
closed-circuit, aerodynamic wind tunnel 

Some Aerodynamic Considerations of 
Nozzle-Afterbody Combinations. Edgar 
M. Cortright, Jr. (JAS 24th Annual 
Meeting, New York, Jan. 23-26, 1956, 
Preprint 614.) Aero. Eng. Rev., Sept. 
1956, pp. 59-65. 

Resistance Coefficients for Accelerated 
and Decelerated Flows Through Smooth 
Tubes and Orifices. J. W. Daily, W. L 
Hankey, Jr., R. W. Olive, and J. M. Jor 
daan, Jr. (ASME Diamond Jubile: 
Semi-Annual Meeting, Boston, June 19 
23, 1955, Paper 55-SA-78) Trans 
ASME, July, 1956, pp. 1,071-1,07 
Investigation of the drop in potentiai and 
boundary resistance in unsteady motion 
for the cases of surface resistance caused 
by boundary shear stresses, and of form- 
type resistance associated with high- 
shear plus the generation and diffusion o! 
turbulence accompanying jet formation 
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Contours the load of anything in service today. take a lot more in bearing performance—and 
James C Shafer Aircraft Bearings are providing it for many 
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cone in these designs are: 
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oe loads. Only Shafer offers this advantage that solves a 
<a severe problem in modern aircraft design. 
2) Full capacity—ander combined loads. Double-row 
100-104 bearings carry any radial-thrust combinations on 
method full contact area under any misalignment. 
Iculating 3) Relubrication—without disassembly. Lubricating 
used in a groove allows burying Shafer in any member 
1 tunnel provided with lubricating fitting—for easy relubricating. 
ations of These and many other specialized Shafer Aircraft 
Ridge Bearing features can save valuable engineering time 
a Double row shown. Also, sin- +++Save space and weight in finalized design...and 
Sent, gle-row bearing, rod end and save time and expense in production man-hours. 
torque tube bearings. Design Why not see how they can save for you? 
“er features 10° plus or minus self- Write, wire or call: Shafer Aircraft Bearing Division, 
Smooth alignment...easy relubrica- 801 Burlington Ave., Downers Grove, III. 
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AERONAUTICAL 


SOLID ENGINE AND 
CHEMICAL DIVISION 


Dependable, simple—the solid-propellant 
rocket is unique in America’s arsenal. Its 
power is instantaneously unleashed, its 
performance unaffected by atmosphere 
and actually improved by altitude. Aerojet- 
General's jet-assisted takeoff units 
(JATOs) are the world’s most widely used 
auxiliary power-plants for aircraft. 


In the search for new materials of con- 
struction, new fuels, and higher thrusts, 
Aerojet-General offers unequalled oppor- 
tunity in America’s most comprehensive 
rocket propulsion program. 
Mechanical Engineers 
Electronic Engineers 

Chemical Engineers 

Electrical Engineers 
Aeronautical Engineers 

Civil Engineers 

Metallurgists 

Chemists 

Physicists 

Mathematicians 

Technical Editors 


CORPORATION 
A Subsidiary of ™HE AZUSA, CALIFORNIA 
The General Tire SACRAMENTO, 
& Rubber Company 
Write: Director of Scientific and En- 
gineering Personnel, Box 296C, 


Azusa, alif., or Box 1947C, 
Sacramento, Calif. 
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Some Tests on the Spread of Velocity 
in a Cold Jet Discharging with Excess 
Pressure from a Sonic Exit into Still Air. 
J. Seddon and L. Haverty. Gt. Brit., 
ARC CP 246 (Nov., 1955), 1956. 15 pp. 
BIS, New York, $0.45. 

Axially Symmetric Mixing of Two 
Laminar Incompressible Streams. II. 


Tr. P. Torda. USAF WADC TN 55-39, 
Mar., 1956. 28 pp. Analytical investi- 
gation of laminar, incompressible, con- 


stant pressure 
taking 

nonuniform vel 
streams at the 


mixing of axially symmetric 
account the effect of 
city distribution of the 


jets, into 


beginning of mixing, 
caused by the boundary layers at both 
sides of the wall separating the streams 


before mixing. The von Karman integral 
concept is used for the evaluation of the 
boundaries of the mixing region and of the 
velocity profiles. Includes a numerical 
example to illustrate the method of solu- 
tion. 


Performance 


Phase IV Performance Test of the F- 
86F-40 Airplane Equipped with 6 xX 3- 
Inch Leading Edge Slats and 12-Inch 
Extensions on the Wing Tips. Norris J 
Hanks and Loren W. Davis. USAF 
FTC TR 56-12, May, 1956. 44 pp. Re- 
sults indicate the achievement of a re- 
duction in take-off and landing speeds 
and in runway requirements, substantial 
improvement in maneuvering capability 
at altitudes above 25,000 ft., and an in- 
crease in combat range and high speed, 


without creating any undesirable char- 
acteristics 
Le Evoluzioni Ottimo di un Aereo. 


Placido Cicala 
1954-1955 
Lab., 


Italian 


(Atti Accad. Sci. Torino, 
Torino Polytech. Inst., Aero 
Monograph 361, 1956. 9 pp. In 

Derivation of general equations 
for the optimum performance of an air- 
craft. 


Stability & Control 


The Dynamic-Response Characteristics 
of a 35° Swept-Wing Airplane as De- 
termined From Flight Measurements. 
William C. Triplett, Stuart C. Brown, 


and G. Allan Smith. U.S., NACA Rep. 
1250, 1955. 25 pp. Supt. of Doc., Wash. 
$0.25. Comparison of data obtained at 


35,000 ft. in the Mach Number range of 
0.50 to 1.04 and at 10,000 ft. with pre- 
dictions based on theoretical studies and 
wind-tunnel experiments. 

Preliminary Investigation of the Effects 
of External Wing Fuel Tanks on Ditch- 
ing Behavior of a Sweptback-Wing Air- 
plane. Ellis E. McBride. U.S., NACA 
TN 3710, July, 1956. 21 pp. 

Investigation of Lateral Control Near 
the Stall; Analysis for Required Longi- 
tudinal Trim Characteristics and Dis- 
cussion of Design Variables. Fred E. 


Weick and Norman Abramson Ua. 
NACA TN 3677, June, 1956. 91 pp. 12 
refs. Development of analytical means 


for the estimation of the elevator de- 
flection required to trim in steady longi- 
tudinal flight and for the demonstration 
in a quantitative manner of the effects 
on longitudinal trim of changes of some 
design parameters. Simplified methods 
and semiempirical data are summarized 
to provide analytical procedures appli- 


cable to preliminary design wo light 
aircraft are analyzed quantitatively for 
both power-on and power-off conditions 
in order to demonstrate the uss 
methods and to provide 
with flight-test results 

Investigation of Lateral Control Nea; 
the Stall; Flight Tests with High-Wing 
and Low-Wing Monoplanes of Various 
Configurations. Fred E. Weick and 9 
Norman Abramson. U.S., NACA Ty 
3676, June, 1956. 34 pp. Results indj. 
cate that, for all the light aircraft tested, 
adequate lateral control is available up t 
a critical angle of attack which is withiy 
2° of the angle of attack for maximun 
lift 


of these 


a COMparisoy 


Wings & Airfoils 


A Method for Calculating the Pressure 
Distribution Over Jet-Flapped Wings, 
D. Kuchemann. Gt. Brit., RAE Rep 
Aero. 2573, May, 1956. 38 pp. 18 refs 
Analysis based on Spence’s calculation of 
circulation and chordwise loading of a 
jet-flap system to find the pressure dis. 
tribution when the external lift force and 
the jet momentum are known 

Limites d’Applications de la Théorie 
de la Ligne Portante au Calcul di Ailes 
d’Avions Munies de Spoilers. A. Fav- 
quet. Inst. Méc. Fluides, Lille, France, 
IMFL No. 56 HR, Mar. 30, 1956. 107 
pp. In French. Application of the lifting 
line theory to the calculation of airfoils 
equipped with spoilers, with 
of its limitations. 

Preliminary Wind-Tunnel Tests of 
Triangular and Rectangular Wings in 
Steady Roll at Mach Numbers of 1.62 
and 1.92. Clinton E. Brown and Harry 
S. Heinke, Jr. U.S., NACA TN 374, 
June, 1956. 36 pp. Experimental in- 
vestigation for determining the damping- 
in-roll coefficients for a series of thin 
triangular plan form and two rectangular 
wings. 

A Correlation by Means of Transonic 
Similarity Rules of Experimentally De- 
termined Characteristics of a Series of 
Symmetrical and Cambered Wings of 
Rectangular Plan Form. Appendix A— 
On the Limitations of Linearized Theory 
for Simple Flow Expansion at Transonic 
Speeds. John B. McDevitt. US, 
NACA Rep. 1253, 1955. 23 pp. 22 refs 

Beitrag zur Bestimmung der Zirkv- 
lationsverteilung eines durch den Schrau- 
benstrahl beeinflussten Tragfliigels. T 
Oroveanu. Rev. Méc. Appl., No. 1, 1956, 
pp. 63-70. In German. Investigation 
for the determination of the circulation 
distribution on an airfoil influenced by the 
propeller slipstream treated as a boundary- 
value problem. A special case is treated— 
that of an airfoil of smallest induced re- 
sistance. A numerical example is pre- 
sented, and the results show that the 
circulation distribution inside as well as 
outside of the beam is almost elliptic. 

Theoretical Wave Drag of Shrouded 
Airfoils and Bodies. Paul F. Byrd 
U.S., NACA TN 3718, June, 1956. 40 
pp. 10 refs. Analysis of symmetrical air- 
foils shrouded with flat plates and of 
bodies of revolution shrouded with a 
cylindrical shell to determine the wave 
drag. 

Campi di Moto Transonici Attorno 4 
Profili Alari Simmetrici, Senza Incidenza, 


an analysis 


\ \ 
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con Numero di Mach I. Silvio Nocilla. 
(Atti Accad. Sci. Torino, 1955-1956.) 
Torino Polytech. Inst., Aero. Lab., Mono- 
graph 367, 1956. 17 pp. In Italian 
Study of the transonic flow around sym- 
metrical wing profiles without incidence 
at M=1. 

Sopra una Classe di Profili Alari Trans- 
onici Nell’'Approssimazione di Tomotika 
e Tamada. Silvio Nocilla. (Atti Accad. 
Sci. Torino, 1954-1955.) Torino Poly- 
tech. Inst., Aero. Lab., Monograph 359, 
1955. 27 pp. In Italian. Analysis of a 
class of transonic airfoil profiles in the 
Tomotika-Tamada approximation. 

The Design of Wing Sections; a 
Survey of Existing Knowledge on Aero- 
foil Design for Different Conditions. 
T. Nonweiler. Aircraft Eng., July, 1956, 
pp. 216-227. 38 refs. 

Velocity Calculations by Conformal 
Mapping for Two-Dimensional Aerofoils. 
D. A. Spence and N. A. Routledge. Gt. 
Brit., ARC CP 241 (Feb., 1955), 1956. 
47 pp. 11 refs. BIS, New York, $1.17. 
Derivation of a method of calculating 
the conformal transformation of an air- 
foil into a slit along a real axis and thereby 
finding velocity distribution in potential 
flow. An integral equation is obtained 
which represents the transformation, and 
its solution is found at pivotal points by 
representing the shape of the airfoil by a 
Fourier series. 

The Effect of Wing Plan Form on the 
Downwash Behind Wings. Akira Mitsu- 
yasu. J. Japan Soc. Aero. Eng., June, 
1956, pp. 1-5. In Japanese. Calcula- 
tion of theoretical downwash angles and 
their comparison with experimental re- 
sults. 

Experimental Research on Wing Sec- 
tions at High Speeds. Masatada Tada. 
J. Japan Soc. Aero. Eng., June, 1956, 
pp. 5-10. In Japanese. 

Experimentelle und theoretische Un- 
tersuchungen iiber den Abwind und 
Seitenwind hinter Pfeil- und Deltaflugeln. 
I—Das Abwindfeld. K. Gersten. DFL 
Braunschweig, Inst. Aero. Bericht 55/13, 
July 19, 1955. 54 pp. 15 refs. In Ger- 
man. Theoretical and experimental in- 
vestigation of downwash and cross wind 
behind swept and-delta wings using the 
tuft-grid method. 

A Preliminary Survey of Some Ex- 
perimental Results of the Wave Drag of 
Wings at Zero Lift. R.A. Bishop. Gz. 
Brit., RAE TN Aero. 2445, Apr., 1956. 
10 pp. 

Trainée d’Ailes Delta Doublement- 
Coniques 4 Pente Variable, en Régime 
Supersonique. E. Carafoli and M. 
Ionescu. Rev. Méc. Appl., No. 1, 1956, 
pp. 35-55. In French. Development of 
a method for calculating the drag of 
doubly conical delta wings having varied 
slope. 

Neuere Entwicklungen in der Trag- 
fliigeltheorie bei inkompressibler Stré- 
mung. Johannes Weissinger. ZFW, July, 
1956, pp. 225-236. 79 refs. In German. 
Summary of various theorems and nu- 
merical methods for calculating the lift 
distribution over airfoils in incompressible, 
inviscid, and steady flow. 

Portance d’une Plaque Plane Décélérée 
Franchissant la Vitesse du Son. A. von 
Baranoff. La Recherche Aéronautique, 
May-June, 1956, pp. 19-25. In French. 


Study of the linearized problem of a plane 
surface in decelerated motion passing the 
speed of sound indicates that the pre- 
liminary calculation of the deflection 
zone, encountered during the supersonic 
phase, permits treating the subsonic 
phase by using the Evvard-Ward method. 

The Lift on a Thin Aerofoil with a Blown 
Flap. D. A. Spence. Gt. Brit., RAE 
TN Aero. 2450, May, 1956 17 pp. 
Analysis of attached flow on a thin air- 
foil for the cases of a hinged flap without 
a jet and a hinged flap with a tangential 
jet. 

Approximate Indicial Lift Functions for 
Several Wings of Finite Span in In- 
compressible Flow as Obtained from 
Oscillatory Lift Coefficients. Joseph A. 
Drischler. U.S., NACA TN 3639, May, 
1956, 26 pp. 13 refs. Calculation of the 
indicial lift functions for a wing under- 
going a change in sinking speed in an in- 
compressible medium from the oscillatory 
lift coefficients for a wing oscillating har- 
monically in pure translational motion. 
Functions are presented for delta wings 
having aspect ratios of 0, 2, and 4, and the 
local and total functions for elliptical and 
rectangular wings having aspect ratios of 
0, 3, and 6 

Calculated Spanwise Lift Distributions, 
Influence Functions, and Influence Co- 
efficients for Unswept Wings in Subsonic 


Flow. Franklin W. Diederich and Martin 
Ziotnick. U.S., NACA Rep. 1228, 1955. 


68 pp. 10 refs. Supt. of Doc., Wash., 
$0.50. Analytical investigation using the 
Weissinger method with eight control 
points on the semispan of several con- 
tinuous and discontinuous angle-of-attack 
conditions on 19 wings of various aspect 
and taper ratios. Includes a description 
of several methods for calculating aero- 
dynamic influence functions and coeffi- 
cients for any arbitrary set of stations 
from the numerical results of the analysis. 
Methods are applicable to the analysis of 
untwisted wings or wings with known 
twist distributions and to aeroelastic 
calculations involving initially known dis- 
tributions 

Flight Tests at Supersonic Speeds to 
Determine the Effect of Taper on the Zero- 
Lift Drag of Sweptback Low-Aspect- 
Ratio Wings. Murray Pittel. U.S., 
NACA TN 3697, June, 1956. 20 pp. 
Derivation of experimental data, using 
rocket-powered-model technique, in the 
Mach Number range of 1.0 to 1.8 with 
theoretical comparisons for the range 
above M = 1.2 

Aspect Ratio Influence at High Sub- 
sonic Speeds. Gordon F. Anderson. 
J. Aero. Sci., Sept., 1956, pp. 874-878. 
OSR-sponsored investigation describing 
a method to predict the velocity induced 
by the thickness of a thin finite wing 
using linearized subsonic compressible 
flow the« ry 

The Design of Swept Wing Planforms 
to Have Specified Distributions of Local 
Lift Coefficient. G. G. Brebner. ZFW, 
July, 1956, pp. 249-253. Systematic 
calculations of the form of spanwise dis- 
tribution of local lift coefficient Czy; as 
one cause of the high suctions formed 
over the outer part of sweptback wings 
which result in the flow separation asso- 
ciated with the well-known instability of 
such wings. 


1956 


Theoretische und experimentelle [p. 
tersuchungen an Deltafliigeln mit Klap. 
pen beiinkompressibler Strémung. 
Truckenbrodt and Karl-Heinz Gronay 
ZFW, July, 1956, pp. 236-246. In Ge 
man. Theoretical and experimental jp 
vestigations on delta wings equipped With 
flaps in incompressible flow. 

Wind Tunnel Tests on a Slender Delt, 
Wing at High Incidence. Peter T. Fink 
ZFW, July, 1956, pp. 247-249 Experi. 
ments to investigate the vortex separation 
observed on bodies of revolution at ing. 
dence, using a thin, sharp-edged plate 
of triangular plan form as a mode 
Results are compared to those predicted 
in theories based on that of Legendre 

Wind-Tunnel Investigation of the Effec, 
of Clipping the Tips of Triangular Wings 
of Different Thickness, Camber, ang 
Aspect Ratio—Transonic Bump Method, 
Horace F. Emerson. U.S., NACA TN 
3671, June, 1956. 183 pp. Test results 
giving lift, drag, and pitching moment 
data on a series of triangular wings whose 
tips are clipped progressively. 

Investigations at Supersonic Speeds of 
22 Triangular Wings Representing Two 
Airfoil Sections for Each of 11 Apex 
Angles. Appendix A—Calculation of 
Pressure Drag. Appendix B—Calcula- 
tion of Pressure Distributions. Eugene 
S. Love. U.S., NACA Rep. 1238, 1955 
60 pp. Supt. of Doc., Wash. $0.45 
Tests at Mach Numbers 1.62, 1.92, and 
2.40 on two series of wings, one series 
having an elliptical and the other a wedge 
leading edge, and both series having 
identical plan forms, constant thickness 
ratio, constant maximum thickness point, 
and constant range of apex half angles 
Research is performed in order to 
determine the effect of the leading-edge 
shape and to compare actual test values 
with results of the mnonviscous linear 
theory. Includes measurements of lift 
drag, and pitching moment, and of pres- 
sure distribution for three wings at one 
Mach Number. 

Quasi-Cylindrical Theory of Wing- 
Body Interference at Supersonic Speeds 
and Comparison with Experiment. 
Appendix A—Decomposition of Bound- 
ary Conditions of Wing-Body Combina- 
tion. Appendix B—Asymptotic Span 
Loading for First Harmonic; Wing- 
Incidence Case. Appendix C—Deter- 
mination of Wing-Alone Potential 
for Angle-of-Attack Case. Jack N 


Nielsen. U.S., NACA Rep. 1252, 19858. 
56 pp. 25 refs. Supt. of Doc., Wash, 
$0.55 


Aeroelasticity 


General Theory of Elastic Stability. 
Carl E. Pearson. Quart. Appl. Math. 
July, 1956, pp. 1383-144. 17 refs. Analysis 
of the stability of the equilibrium state of 
a particular elastic system, taking into 
account the effects of nonlinearity and the 
sensitivity of certain stability problems 
to the character of the loading. Analyses 
are given for two types of loading—dead 
loading and pressure loading. It is also 
shown that, for the two criteria of insta- 
bility, the differential equations for the 
first variation of the general energy 
principle are precisely the same as the 
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conditions for the existence of an adja- 
cent equilibrium position. 

Stabiliteits Criteria. D. J. Hofsommer. 
Netherlands, NLL Rep. F. 65, 1950. 17 
pp. 12 refs. In Dutch. Presentation 
of available stability criteria summarized 
in a generalized form, pointing out the 
application to flutter problems. 

Vibratiile Avionului. J. Grosvald. 


Rev. Transporturilor, Mar., 1956, pp. | 
119-125. In Rumanian. Study of vibra- | 


tion phenomena in aircraft. 
A Method for Deflection Analysis of 
Thin Low-Aspect-Ratio Wings. Appen- 


dix A—Influence Coefficients for the | 


Wing Attached to the Fuselage. Appen- 


dix B—Example Derivation of a Matrix | 


Equation. Manuel Stein and J. Lyell 
Sanders, Jr. U.S., NACA TN 3640, June 
1956. 65 pp. Development of a method 
to obtain the influence coefficients for low- 
aspect ratio wings of built-up construction. 
Chordwise deflections are assumed to be 
parabolic or linear, and the principle of 
minimum potential energy is used in con- 
junction with difference equivalents to 
obtain an appropriate set of equilibrium 
equations organized in matrix form. 

The Integral Equations of Aeroelas- 
ticity. Appendix I—Experimental Deter- 
mination of Influence Functions for a 
Swept Wing. Appendix II—Remarks 
on the Use of Hamilton’s Principle. 
J. R. M. Radok. Australia, Aero. Res. 


Comm. Rep. ACA-56, May, 1955. 32 | 
pp. 14 refs. Formulation of a unified | 
theory of all aeroelastic phenomena based | 
on the derivation of equations of equilib- | 


rium. 


Biegeschwingungen verwundener, ein- 


seitig eingespannter und am andern Ende 
gelenkig gelagerter Stabe. Max Anliker. 
ZAMP, May 5, 1956, pp. 248-253. In 
German. Analysis giving the eigen- 
frequencies of lateral vibrations at three 
different cross sections for isotropic homo- 
geneous twisted rods with constant mass 
and twist per unit length. 

Flutter Calculations on a Rudder with 
Trailing-Edge Spoiler. Ll. T. Niblett. 
Gt. Brit, RAE Rep. Struc. 202, May, 
1956. 13 pp. Calculations of flutter on 
two different spoiler systems and compari- 
son with flight tests. 


Some Wind-Tunnel Experiments on | 


Single-Degree-of-Freedom Flutter of 


Ailerons in the High Subsonic Speed | 
Range. Sherman A. Clevenson. U.S., | 


NACA TN 3687, June, 1956. 32 pp. 


Results of wind-tunnel tests on three | 
wing models with various aileron con- | 
figurations. Density in the range of 0.08 | 
X 10-2 to 0.58 X 107? slug per cu.ft. is | 
found to have little effect on the initial | 
amplitude or initial Mach Number associ- | 


ated with the aileron oscillations. 


Safeguards Against Flutter of Airplanes. | 


Appendix I—Compilation of Some 
General Conceptions Concerning Vibra- 
tions. Appendix II—Aileron Vibrations 
of High-Speed Aircraft. Appendix III— 


Calculation of the Dynamic Balancing of a | 


Surface; Dynamic Balancing. Appen- 


dix IV—Influence of the Various Param- | 


eters on the Critical Speed. Appendix 
V—Examples of the Achievement of 
Balanced Control Surfaces. Gerhard De 
Vries. (La Recherche Aéronautique, No. 


12, 13; 1949, 1950). U.S., NACA TM 


1423, Aug., 1956. 94 pp. Translation. 
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guided missiles. 


This test stand checks actuating assemblies 


under simulated operating conditions. 


Ex-Cell-O produces actuators and 
assemblies in volume for jet planes and 


guided missiles. 


You can rely on Ex-Cell-O to handle 
your precision production and assembly 
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ance required to solve your individual 
problems. For information or a quota- 
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AFTERBURNER ACTUATORS ~— the Lockheed 
F-104A Starfighter, world’s fastest fighter plane, has four 
Aeroproducts actuators on the afterburner for orifice con- 
trol of its J79 engine. Designed for extremely high tempera- 
ture operation, these hydraulic actuators are synchronized to 
co-ordinate in perfect unison, providing instant, positive 


WING INCIDENCE ACTUATORS ~ the Chance 
Vought F8U-1 Crusader, world’s fastest Navy fighter plane, 
showing its unique two-position incidence wing in “up” posi- 
tion for take-off. Inset shows normal flight position. First 
operational plane to incorporate this principle, the F8U-1 has 


control of the afterburner nozzles. This patented feature of 
mechanical synchronization provides precision positioning by 
incorporating flexible shafting within the hydraulic tubing to 
co-ordinate the linear travel of the actuator pistons. Another 
safety factor is a stroke limiter which prevents the tail cone 
from closing completely in the event of hydraulic failure. 


an Aeroproducts self-locking hydraulic actuator which con- 
trols the angle of attack of the wing. Changing the wing angle 
permits the Crusader to land level with the runway of the 
carrier deck, giving the pilot better visibility and permitting 
use of shorter, lighter landing gear. 
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RAM AIR-DRIVEN GENERATORS ~ in the 
Douglas A4D Skyhawk — Aeroproducts emergency air-driven 
generator is first production application of ram air-driven 
equipment. Suspended beneath the fuselage, this lightweight 
unit (22 Ibs.) gets up to speed in less than 1, 10th second and 
develops 1.7 KVA @12,000 R.P.M. to operate radio, lights, 
instruments, trim tab and elevators. It has successfully 
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performed in emergencies and has been dropped out many 
times on flight tests. Using a simple blade pitch changing 
mechanism, the unit governs its output frequency within 
plus 10% and minus 5% over a very wide range of airspeed, 
altitude and load conditions. This unit also has application 
in tow targets to generate power for scoring mechanisms. 


AIR-DRIVEN HYDRAULIC PUMP - the North 


eature of 

rubing to American F-100D Super Sabre is equipped with an Aero- 
Aneies products air-driven hydraulic pump which produces sufficient 
tail pid hydraulic pressure for flight controls in case of either engine 
failure. 


Precision is the keynote of our work at Aeroproducts. 
Turbo-propellers and other essential aircraft components 
are produced by engineers experienced in designing equip- 
ment to meet specific requirements of our customers. 


Aeroproducts linear actuators — proved in a wide variety 
of uses—offer many exclusive advantages: low weight with 
high strength, precision positioning, self-locking, high- 
temperature operation, compactness and reliability. New 
fotary actuators provide high torque-carrying capacity 
with near-zero backlash for control surfaces of missiles. 


Any combination of systems—hydraulic, pneumatic, elec- 
trical or manual—can serve as the primary power source. 
And these actuators can be synchronized both hydrauli- 
cally and mechanically to provide co-ordinated control 
of related movements. 
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Aeroproducts 


ALLISON DIVISION OF GENERAL MOTORS @¢ 


or hydraulic failure. This lightweight ram air pump is mounted 
back of the cockpit, where air from engine air inlet ducts 
can be directed by the pilot to drive the turbine-pump in 
emergencies. 


Let Aeroproducts—with its broad engineering background 
—work with you on designs for your actuators as well as 
ram air-driven generators and hydraulic pumps for any 
application. Write us on your company letterhead for our 
newest brochure, “Actuators for Aircraft.” 


OTHER AEROPRODUCTS ACTUATORS include: 
Airplanes and Missiles 
Landing Gears @ Flaps @ Spoilers @ Flight Brakes 


@ Primary Flight Control Surfaces 


Aircraft Engines 
@ Ram Jet and Turbo-Jet Engine Inlet and Exhaust Area 


Control 
@ Variable Engine Duct 
@ Jet Engine Thrust Spoilers and Reversers 


DAYTON, OHIO 
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The Effect of Wing Torsion on Aileron- 
Tab Flutter. H. Hall. Gt. Brit., RAE 
Rep. Struc. 203, Apr., 1956. 31. pp. 
Derivation of criteria for the prevention of 
wing-torsion - aileron-tab flutter from 
results of calculations based on _ the 
assumption of an idealized ternary type 
spring-tab system having degrees of 
freedom in wing pitch, rotation of the 
control surface, and rotation of the tab. 
Includes comparison of results with those 
obtained by Wittmeyer and Templeton. 

The Flutter of a Two-Dimensional 
Buckled Plate with Clamped Edges in a 


Supersonic Flow. J.G. Eisley. GALCIT 
OSR TN 56-296, July, 1956. 40 pp. 


Measurements of Pitching Moment 
Derivatives for a Series of Rectangular 
Wings at Low Wind Speeds. Appendix 
I—Calculation of the Galvanometer 


Response to the Input Signal. P. R. 
Guyet and D. E. G. Poulter. Gt. Brit., 
ARC CP 249 (June, 1955), 1956. 52 pp. 


ll refs. BIS, New York, $1.26. 

Aeroelastic Problems in Connection 
with High-Speed Flight. E. G. Broad- 
bent. J. RAeS, July, 1956, pp. 459-475. 
20 refs. Review of the developments in 
the field of aeroelasticity during the past 
10 years with emphasis on the problems 
induced by increasing Mach Number. 
Problems considered include the use of 
thinner airfoils which require a greater 
stiffness, and the uncertainty of the cal- 
culations for flutter coefficients. 

Methods for Calculating Pressure Dis- 
tributions on Oscillating Wings of Delta 
Type at Supersonic and Transonic Speeds. 


F. Hjelte. Stockholm, KTH AERO TN 
39, 1956. 29 pp. 16 refs. 
Aerodynamic Derivatives for Two 


Cropped Delta Wings and One Arrowhead 
Wing Oscillating in Distortion Modes. 
D. L. Woodcock. Gt. Brit., RAE Rep. 
Struc. 201, Apr., 1956. 69 pp. 

Experimental Measurements of Forces 
and Moments on a Two-Dimensional 
Oscillating Wing at Subsonic Speeds. 
Appendix A—Determination of the In- 
phase Moment and the Center-of-Pres- 
sure Shift. Appendix B—Dynamic Mag- 
nification of Lift Force. Sherman A. 
Clevenson and Edward Widmayer, Jr. 
U.S, NACA TN 3686, June, 1956. 28 
pp. Results of wind-tunnel tests, includ- 
ing a few data in the transonic region and 
a description of an experimental method 
applicable to the transonic region. 

Lift and Moment Coefficients for an 
Oscillating Rectangular Wing-Aileron 
Configuration in Supersonic Flow. 
Appendix A—Coefficients Associated with 
Wing Motion. Julian H. Berman. U.S., 
NACA TN 3644, July, 1956. 46 pp. 13 
refs. Analysis using the linearized theory 
for compressible unsteady flow to treat 
the problem of a partial-span rectangular 
control surface, hinged at its leading edge 
and mounted on a rectangular wing 
oscillating in supersonic flow. The 
motions of the wing-aileron configuration 
are assumed to consist of vertical trans- 
lation, pitching, and aileron rotation. 

Theoretical Requirements of Tunnel 
Experiments for Determining Stability 
Derivatives in Oscillatory Longitudinal 
Disturbances. Appendix—Equations of 
Dynamic Stability for Level Flight with 
Derivatives of Oscillatory Motion. S. 
Neumark and A. W. Thorpe. Gt. Brit., 


ARC R&M 2903 (June, 1950), 1955. 14 
pp. BIS, New York, $0.81. 

Response of Accelerated Free-Flight 
Fin-Stabilized Rockets to Wind. Appen- 
dix I—Mathematical Development of 


General Solution. S. M. Robinson. 
Douglas Rep. SM-18443, Oct. 26, 1955. 
23 pp. Army-sponsored derivation of the 


equations of motion for an accelerated 
rocket in the presence of a uniformly 
fluctuating wind, developed in simplified 
form with distance traveled as an inde- 
pendent variable. A solution in general 
form for the flight path angular response 
of the rocket to the impressed wind is 
presented, and solutions for three special 
cases and development of the rocket 
admittance function are included. 


Aeronautics, General 


The Aerodynamic Art (The 44th Wilbur 
Wright Memorial Lecture). William S. 
Farren. J. RAeS, July, 1956, pp. 431 
449. Review of transonic flow problems 
and discussion of some of the solutions 
obtained 

The Jet Age. SAE J., June, 1956, pp. 
76-82. Discussion of current problems 
confronting the aeronautical industry, 
including optimum use of the airspace, 
integration of new jet and turboprop air 
liners into air-line operations, problems of 
adapting man to high speeds and altitudes, 
reducing noise, and obtaining longer engine 
life in jet engines . 

The Next 25 Years in Canadian Avia- 
tion. AVRO Rep., Feb., 1956. 30 pp. 
Discussion of probable developments in 
aviation and the aircraft industry in 
Canada within the next 25 years and of 
their effect on Canadian economy. 


Transportation 


A Look Ahead at Air Transportation. 
T. P. Wright. Radio Tech. Comm. Aero- 
nautics, Assembly Meeting, Buffalo, June 
7, 1956, Paper. 12 pp. Discussion of 
some of the problems to be faced by air 
transportation in the next few years, 
including the size of the market, elec- 
tronics, airports, and technological prog- 
ress. 

The Economic Aspects of Jet Transport. 
Armin Baltensweiler. Jnteravia, No. 4, 
1956, pp. 244-247. Discussion of oper- 
ational and terminal costs by graphical 
comparison of present-day air liners with 
jet transports; criteria include travel 
times and pay load of different aircraft, 
percentage breakdown of direct operating 
costs per ton-kilometer, fuel costs per ton- 
kilometer plotted against operating dis- 
tance, direct operating plotted 
against number of unproductive flying 
hours per year, and direct operating costs 
per ton-kilometer plotted against annual 
number of flying hours and operating 
distance 

Economics of Rocket-Propelled Air- 
planes. I. Robert Cornog. Aero. Eng. 
Rev., Sept., 1956, pp. 30-36, 71. Analysis 
of the cost factors of a rocket-propelled 
transport aircraft. Methods maximizing 
gross income, such as operating all equip- 
ment as much as possible and flying at 
high speed, are included. An optimum 
flight program is outlined, taking into 


losses 


falen, 


1956 


account launching 
mentum gliding. 

Massstabe zur Beurteilung der Win, 
schaftlichkeit von Luftverkehrsunternep. 
men. Heinz Rohm. Nordrhein-Wes, 
Wirtsch. & Verkehrsmin., Tech 
Bericht No. 29, 1954. 43 pp. In Ger. 
man. Criterion for estimating economie 
efficiency in air transport. 


technique and mmo. 


Airplane Design 


Special Issue: Commercial Aircraft, 
Airliners of the World. Flight, July ¢ 
1956, pp. 9-72, cutaway drawings. Speci. 
fications, cost, and performance figures 
for 23 commercial aircraft. Includes g 
description of air frame, power plants, 
systems, accommodations, and commer. 
cial history for each type. 

The Wyvern Story. The 
June 15, 1956, pp. 549-556, 
drawing. Discussion of the Westland 
strike-fighter, including developmental 
history, structural details, and perform. 
ance data. 

De Havilland’s New Comet. The Aero. 
plane, July 6, 1956, pp. 12-17, cutaway 
drawing. Discussion of the design, struc- 
tural, and aerodynamic characteristics of 
the Comet 4 aircraft. Includes a descrip. 
tion of the hydraulic, electrical, and con- 
trol systems, and of the control-cabin 
layout. 

Aerodynamics of the Douglas DC-8, 
The Aeroplane, June 22, 1956, pp. 590- 
592. Discussion of aerodynamic design 
characteristics of the DC-8, including the 
introduction of a special inverted camber 
airfoil with the inner 25 per cent of the 
wing span to ensure root stall, curved 
engine nacelle pylons which are cambered 
so as to lie along flow streamlines, double- 
slotted flaps equipped with spoilers and 
torque-link connected outboard ailerons. 

Essais de Largage de Verriéres Dans 
la Soufflerie S, de Modane Avrieux. S. 
Schneider. La Recherche Aéronautique, 
May-June, 1956, pp. 27-29. In French. 
Description of a new technique used in 
the Modane §, wind tunnel for canopy 
release tests. 

Recommendations on Cockpit-Visibility 
Standards for Transport-Type Aircraft. 
U.S., CAA TDR 275, Feb., 1956. 6 pp. 
Application of data obtained from pilot 
observations, pilot eye-movement study, 
collision-course study, and development 
of a binocular camera for recording cockpit 
visual angles. 


An Experimental Study of Applied 


Ae roplane, 
cutaway 


Ground Loads in Landing. Benjamin 
Milwitzky, Dean C. Lindquist, and 
Dexter M. Potter. U.S., NACA Rep. 


1248, 1955. 34 pp. Supt. of Doc, 
Wash, $0.30. Investigation of the applied 
ground loads and the coefficient of friction 
between the tire and the ground during 
the wheel spin-up process in impacts of a 
small landing gear under controlled condi- 
tions on a concrete landing strip in the 
Langley impact basin, with supplemen- 
tary tests to evaluate the drag-load 
alleviating effects of prerotating the wheel 
before impact so as to reduce the relative 
velocity between the tire and the ground 


Landing Gear 


A. Gentric. 


17-38.) 


On Landing Gear Stresses. 
(Docaero No. 25, Jan., 1954, pp 
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When it comes to special-purpose electron tubes, 
or electrical power equipment of the types shown 
above, you can be sure of getting top quality from 
Bendix Red Bank. That’s because we offer the 
unbeatable combination of skillful design and 
expert engineering plus quality control over every 
step of manufacture. Call on us at any time for 
recommendations. 


Write today for brochure detailing our engineer: 


AC Voltage Regulators 
High-Altitude and Missile High-Temperature (Magnetic Amplifier Type) i 
INVERTERS AC GENERATORS and 
SYSTEM COMPONENTS 
Special-Purpose Tubes High -Tomperatere DC VOLTAGE 
featuring DC GENERATORS 
: HARD GLASS TYPES CONTROL PANELS 


ing, production and service facilities. RED BANK 
DIVISION, BENDIX AVIATION CORPORATION, EATON- 
TOWN, NEW JERSEY. 


West Coast Sales and Service: 117 E. Providencia Ave., Burbank, Calif. 
Canadian Distributor: Aviation Electric Ltd., P.O. Box 6102, Montreal, P.Q. 


Export Sales and Service: 
Bendix International Division, 205 E. 42nd St., New York 17, N. Y. 


DIVISION oe AVIATION CORPORATION 
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U.S., NACA TM 1422, July, 1956. 45 
pp. Translation. Investigation of  vi- 
bratory phenomena in landing gear. De- 
scriptions are given of two test installa- 
tions—a toboggan and a vertical drop 
test machine. The analysis takes into 
account tangential forces applied to 
landing gears, the inflation pressure of the 
tires, the sliding velocity, the nature of 
rubber in the tire, and the characteristics 
of the ground. 

Correlation, Evaluation, and Extension 
of Linearized Theories for Tire Motion and 
Wheel Shimmy. Robert F. Smiley. 
U.S., NACA TN 3632, June, 1956. 139 
pp. 39refs. Analysis of existing theories 
of linearized tire motion and wheel 
shimmy, and development of a general 
summary theory from kinematic rela- 
tions of the von Schlippe-Dietrich type, 
governing the motion of elastic tires 
without skidding. 

Liquid Spring Principle Applied to 
Landing Gear Design. T. M. Kemp. 
Aero. Dig., Aug., 1956, pp. 33-37. De- 
scription of a design method using a 
special gland able to contain a liquid 
under high pressures in order to produce 
lightweight compact landing gears with 
simplified linkages and short strokes. 


Airports 


Airports for Jets—A Federal View- 
point. Charles J. Lowen. J. Air Law 
& Commerce, Winter, 1956, pp. 1-4. 
Discussion of the new requirements in 
terms of traffic control problems, enlarge- 
ment of airports, and noise, fuel, and 
pavement strength problems. 

The Electronic Flash Approach System. 
Donald I. Coggins. Sylvania Tech., Apr., 
1956, pp. 39-42. Description of design 
and installation of the lighting system for 
all-weather runway at the Idlewild air- 
port, with details of engineering and phys- 
iological factors. 


Aviation Medicine 


Parallax and Perspective During Air- 
craft Landings. James J. Gibson, Paul 
Olum, and Frank Rosenblatt. USAF 
PTRC TN 55-75, Dec., 1955, pp. 372- 
385. 11 refs. Geometric formulation of 
a ‘‘motion perspective’’ principle to over- 
come the limitations of the motion paral- 
lax principle in providing cues to the visual 
situation during landing, and applica- 
tion of this principle to the problem of 
perceiving the ground and one’s relation 
to it during descent. 

The Physiological Basis of Protection 
Afforded by Clothing. Grandpierre and 
Biget. (Rev. Corps Santé Mil., 1952, 
pp. 27-39.) Gt. Brit., RAE Lib. Transl. 
563, Apr., 1956. 13 pp. Description of 
a theoretical method for predicting cloth- 
ing requirements under given conditions 
or for estimating in advance the protec- 
tion value of clothing already issued, in 
which the thermal insulating capacity is 
measured in terms of “clos” (units of 
thermal insulation), ‘‘tolerance time,’ or 
a combination of both. 

Complexity of Contour in the Recogni- 
tion of Visual Form. James Deese. 
USAF WADC TR 56-60, Feb., 1956. 


22 pp. Results of experiments at the 


Johns Hopkins University. 
Application of High-Speed Computation 
to Linear Discriminant Function Opera- 


tions. Bruce P. Price and Harold H. 
Schatz. USAF PTRC TN 55-66, Dec., 
1955. 14 pp. Description of a method 


for solving the problem of separating a 
group into two or more subgroups based 
upon a set of scores on test variables or 
other similar information, by using the 
discriminant function technique in con- 
junction with any of a variety of high- 
speed computers 

A Method for Analysis of Gross 
Behavior. Jackson B. Reid, Sylvan J 
Kaplan, and William H. Melching. 
USAF SAM Project 21-3501-0003 Rep. 
10, June, 1955. 18 pp. 12 refs. Exper- 
imental investigation of the effects of 
exposure to ionizing radiation on the 
activity of infrahuman primates, with 
results tabulated quantitatively. 

Some Personality Correlates of Con- 
fidence, Caution, and Speed in a Decision 


Situation. Jack Block and Paul Petersen. 
USAF PTRC TN 55-70, Dec., 1955 
41 pp. 12 refs. USAF-supported exper- 


imental investigation of the relationship 
between personality variables and deci- 
sion making in a psychophysical situation. 

Cam Designing for the Human Cen- 
trifuge. Richard J. Crosbie. 
NADC MA-5512, Nov. 18, 1955. 58 pp. 
Mathematical analysis consisting of the 
formulation of cam contour curves, and 
description of a method for the design of 
devices which will enable the subject to 
be aligned in a controllable manner with 
the resultant acceleration vector 

The Evaluation of a Null-Point Dis- 
continuous Electrical Pursuit Meter. R. 
J. Shephard. Gt. Brit., RAE FPRC Rep. 
928, Aug., 1955. 17 pp. Description of 
the device based on a Wheatstone bridge 
circuit and consisting of a plain panel 
set at an angle of approximately 15° 
to the vertical equipped with two 0-20 
voltmeters and used to measure the sub- 
ject’s psychological functions. 

Climatization of Animal Capsules Dur- 
ing Upper Stratosphere Balloon Flights. 
David G. Simons and Druey P. Parks. 
Jet Propulsion, July, 1956, pp. 565-568. 
Description of apparatus and_ tech- 
niques used to provide environmental con- 
trol for animals exposed to primary cos- 
mic radiation at altitudes above 90,000 ft 


Computers 


The Analysis of Stationary Time Series. 
I—Computation of Correlation Coeffi- 
cients on a High Speed Computer. M. 
B. Priestley and P. A. Samet. Gt. 
Brit., RAE TN M.S.27, Apr., 1956. 10 
pp. Discussion of DEUCE programs to 
compute the autocorrelation and cross- 
correlation coefficients of a time series for 
32 lags. Also includes specifications for 
the preparation of data and parameter 
cards. 

Elektronische Rechenmaschinen. K. 
Kupfmiiller. VDI Zeitschrift, Mar. 1, 
1956, pp. 283, 284. In German. De- 
scription of recent German developments 
in the construction of electronic com- 
puters. 

Ferroresonant Computing Circuits; New 
Techniques for Switching and Counting. 


1956 
R. S. Arbon and G. Phylip-Jones. Wire. 
less World, July, 1956, pp. 324-330 
High-Speed Digital Conversion. Mar. 
tin L. Klein, Frank K. Williams, and 
Harry C. Morgan. Instruments © Auto. 
mation, July, 1956, pp 1,297-1,302 


Survey of available equipment for high- 
speed data logging and digital conversion 

A General Purpose Electronic Analogue 
Computor. I, II. R. J. A. Paul. Proc 
Inst. Electronics, Second & Third Quarters, 
1955, pp. 5-24, 9-28. Discussion of the 
principles of operation and requirements 
of an electrical analog computer. A 
description of the Short general-purpose 
computer is given, along with applica- 
tions to aircraft flutter 
problems. 

Principles and Design Uses for Analog 
Simulators. I—Analog Components and 
Mathematics. J. N. Macduff. Mach 
Des., Aug., 1956, pp. 86-90. 

The Dynamic Performance of Analogue 
Computing Elements. P. R 
Gt. Brit, RAE TN G.W.406, 
1956. 10 pp. Analysis of frequency 
response of computing elements, pre- 
senting a theory for the determination of 
the required dynamic performance and 
showing the importance of considering 
the phase shift as well as the amplitude 
response. 


An Electrolytic Analog Applied to Heat 


and stability 


Benyon. 
Mar., 


Conduction Within a Transistor. P. E. 
MeNall, Jr., and J. E. Janssen. (ASME 
Semi-Annual Meeting, Pittsburgh, June 


20-24, 1954.) Trans. ASME, Aug., 1956, 
pp. 1,181-1,186. 18 refs. Description 
of the computer and its special feae 
tures to permit simulation of heat flow 
through several different materials con- 
nected at nonisothermal interfaces, con- 
trolled distribution of heat generation ata 
boundary, and interface thermal resist- 
ance. 

Triangular-Wave Analog Multiplier. 
R. A. Meyers and H. B. Davis. Elec- 
tronics, Aug., 1956, pp. 182-185. Develop- 
ment of a four-quadrant electronic multi- 
plier using a triangular-wave carrier- 
oscillator signal added to the input volt- 
ages. Circuit is independent of tube 
characteristics and is free of balancing 
adjustments. 

Electronic Methods of Analogue Mul- 
tiplication. I, II. Z. Czajkowski. Elec- 
tronic Eng., July, Aug., 1956, pp. 283-287; 
352-355. 27 refs. Survey of devices 
which perform multiplication directly by 
application of some mathematical or physi- 
cal formulas. Systems are compared as 
to accuracy, speed, and complexity. In- 
cludes time-modulation multipliers; am- 
plitude, frequency, and phase multipliers; 
multiplication by squaring; and coinci- 
dence, logarithmic, and cathode-ray-tube 
multipliers. 

The Simulation of Mechanical Thresh- 
old. M. Squires. Gt. Brit., RAE TN 
G.W.403, Mar., 1956. 33 pp. Analysis 
of methods to produce electronic analogs 
for the threshold behavior found in some 
mechanisms. 

Application of High-Speed Computation 


to Factor Analysis Operations. Bruce 2. 
Price and Harold H. Schatz. USAF 
PTRC TN 55-64, Dec., 1955. 13 pp. 


Guide to programming for a general-purpose 
digital computer, including some possible 
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checking devices which may be incorpo- 
rated. 

‘“‘Mnemonic Morons’’; The Automatic 
Digital Computer as a Research Tool. 
David Feign. Res. Trends (Cornell Aero 
Lab.), Spring, 1956, pp. 5-7. General 
developmental explanation of the funda- 
mental construction, the advantages, and 
the applications of digital computers, 
including tthe reduction of wind-tunnel 
data, flight data reduction, matrix cal- 
culations, and the ‘‘Monte Carlo”’ method 


Education & Training 


The Influence of Message Length and 
Distracting Task Complexity. Richard 
H. Henneman and Thomas L. Matthews 
USAF WADC TR 54-145, Apr., 1955 
16 pp. Results of experiments show that 
little difference is found between auditory 
and visual presentation for the short 
message and simple task but that audi- 
tory superiority increases with increasing 
task complexity 


Stress Contrast in B-47 and B-29 


Training Operations. Thaddeus J 
Domanski. USAF SAM _ Rep. 55-80, 
Oct., 1955. 4 pp. 

S-R Compatibility: Correspondence 


Among Paired Elements Within Stimulus 
and Response Codes. Paul M. Fitts and 
Richard L. Deininger. (J. Exper. Psych., 
Dec., 1954, pp. 483-492.) USAF PTRC 
TN 55-63, Dec., 1955. 10 pp. 16 refs 
Experimental investigation to discover 
conditions under which compatibility 
effects occur and to establish principles 
that permit specification of the nature and 
difficulty of perceptual-motor tasks in 
terms of (hypothetical) intervening infor- 
mation-transformation processes. In- 
cludes measurements of the rate of infor- 
mation transfer as a function of (a) the 
choice of stimulus sets, (b) the choice of 
response sets, and (c) the method of com- 
bining the elements of stimulus to form 
stimulus-response ensembles and, in par- 
ticular, to evaluate the interactions among 
these three variables. 

The Effect of the Differential Selection 
of Target Study Cues Upon Aiming Point 
Identification Test Performance. G 
Raymond Stone. USAF PTRC TN 
56-40, Feb., 1956. 8 pp. 

A Method of Controlling Stimulation for 
the Study of Space Perception: The 
Optical Tunnel. James J. Gibson, Jean 
Purdy, and Lois Lawrence. USAF 
PTRC TN 55-58, Dec., 1955. 14 pp 


Electronics 


Special Issue: Symposium on Elec- 
tromagnetic Wave Theory. Appendix— 
Abstracts of the Contributed Papers. 
(U. Michigan Conf., June 20-25, 1955.) 
IRE Trans., AP Ser., July, 1956, pp. 
190-586. 438refs. Coloquium on bound- 
ary value problems of diffraction and 
scattering theory, forward and multiple 
scattering, antenna theory and micro- 
wave optics, and propagation in doubly 
refracting media. 

Electronics Buyers’ Guide Issue. Elec- 
tronics, June Mid-Month, 1956. 1,042 
pp. Comprehensive alphabetical listings 
of components and allied electrical prod- 
ucts, manufacturers, registered trade 


names, and distributors. Partial contents 
of Reference Sheet Section: VHF Trans- 
mission Line Calculator, A. E. Sanderson. 


Normalized Filter Design, Samuel D. 
Bedrosian and R. McCoy, Jr. Delay 
Line Design, Joseph F. Sodaro. Power 
Rating Parasitic Suppressors, Joseph A 
Huie. Characteristics of Computers and 
Storage Devices, John M. Carroll. Notch 
Network Design, C. J. Savent, Jr., and 
C. A. Savent rransistor Characteristics 


for Circuit Designers, Seymour Schwartz 
Standard Symbols for Electronics 
Feedback Theory—Further Properties 


of Signal Flow Graphs. Samuel J 
Mason. Proc. IRE, July, 1956, pp. 920 
926. USAF-Army-Navy-sponsored exten- 


sion of Tustin’s 
to a general fi 


ork on signal flow graphs 
rm suitable for any flow- 


graph arrangement with application of 
such techniques to practical linear analysis 
problems 

Air/Ground Communications. ip 
Oomen. Jnt 1, July, 1956, pp. 507 
510. Discussion of present shortcomings 


of communication systems, the improve- 
ment and some 
techniques and equipment for 
applications 

Theorie und Technik des Instrumenten- 


needed, possible new 


future 


Landesystems (ILS). II—Die Gleitweg- 
anlage. Karl Barner. Luftfahrttechnik, 
Dec. 15, 1955, pp. 140-151. In German 
Evaluation of the theory and application 
of instrument-landing systems, with an 


analysis of the glide slope approach 

Inter-Reciprocity Applied to Electrical 
Networks. J. L. Bordewijk. Appl. Sci 
Res., Sect. B, No. 1-2, 1956, pp. 1-74 
28 refs Extension of the 
reciprocity to a new concept called inter 
reciprocity which applies to both recipro 
cal and structures. For 
electrical network investigations a unique 
topological concept called transposition 
has been devised in such a manner that a 
network and its transpose are interrecipro- 
cal. Applications are made to feedback 
amplifiers, two-pole noise in tubes, and 
transistor circuits 

Semiconductor Power Rectifiers in 
Continuous-Duty Circuits. F. W. Gutz- 
willer. Elec. Mfg., July, 1956, pp. 109 
111, 250-254. Discussion of design con- 
siderations for small 
germanium and silicon rectifiers consider- 
ing heat generation and dissipation factors 

Small Signal Behaviour of Directly 
Heated Thermistors (A Study of Ther- 
mistors Circuits). II. N. Bjérk and R 
Davidson. Acta Polytechnica, No. 12 
(186), 1955. 43 pp. Description of a 
convenient method for investigating the 
static and dynamic small-amplitude prob- 
lems in thermistor circuits, with applica- 
tions to the analysis and synthesis of 
such circuits 

An Investigation Into the Transmission 


concept of 


nonreciprocal 


electrical losses in 


of Data Over a Teleprinter Link. A. 
Cohen. Gt. Brit, RAE TN TD 2, Jan., 
1956. 10 pp. Evaluation of data trans- 


mission ove! teleprinting link to feed 
data from the test station to the computer. 
Scattering by a Semi-Infinite Resistive 


Strip of Dominant-Mode Propagation in 


an Infinite Rectangular Wave-Guide. 
V. M. Papadopoulos. Proc. Cambridge 
Philos. Soc., July, 1956, pp. 553-563. 


Derivation of formulas for the amplitude 
of scattered waves from calculations 
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To the 
ENGINEER 
of high 
ability 


Through the 
efforts of engineers 
The Garrett Corporatio, 
has become a leader in man 
outstanding aircraft component 
and system fields 
Among them are: 
air-conditioning 
pressurization 
heat transfer 
pneumatic valves and 
controls 
electronic computers 
and controls 


turbomachinery 


The Garrett Corporation is als 
applying this engineering skill to the 
vitally important missile system 
fields, and has made important 
advances in prime engine 
development and in design of 
turbochargers and other 
industrial products, 
Our engineers work on the very 
frontiers of present day scientific 
knowledge. We need your creative 
talents and offer you the opportunity 
to progress by making full use of 
your scientific ability. Positions 
are now open for aerodynamicists 
... mechanical engineers 
... mathematicians . . . specialists in 
engineering mechanics . . . electrical 
engineers. .. electronics engineers. 
For further information regarding 
opportunities in the Los Angeles, 
Phoenix and New York areas, 
write today, including a resume 
of your education and experience. 


Address Mr. G. D. Bradley 


CORPORATION 
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Los Angeles 45, Calif. 
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FOR EVERY AIRCRAFT APPLICATION 


Exclusive design featuring 
mechanically-bonded, re- 
placeable tubes allows for 
easy repair in the field 
AiResearch is the largest manufac- 
turer of aircraft oil temperature 
regulators in America. High efh- 
ciency, easy repair, long life and 
normal operation under extreme 


THE 


sub-zero temperatures has estab- 
lished industry-wide preference for 
AiResearch units. They are manu- 
factured to rigid specifications, and 
their appearance and reliability re- 
flect the most careful craftsmanship. 

AiResearch has been building oil 
temperature regulators of the 
highest quality since 1940. Many 
have had more than 20,000 hours of 


AiResearch oil temperature regulators 


operating service and are still per- 
forming with complete efficiency. 

Let us discuss your oil cooling 
problems with you. After analysis, 
our engineers will suggest a solu- 
tion which will stand up on the 
basis of both present need and 
future dependability. 

Qualified engineers are needed 
now. Write for information. 


AiResearch Manufacturing Divisions 


Los Angeles 45, California ... Phoenix, Arizona 


Designers and manufacturers of aircraft systems and COMPONENLES: REFRIGERATION SYSTEMS + PNEUMATIC VALVES AND CONTROLS + TEMPERATURE CONTROLS 


CABIN AIR COMPRESSORS TURBINE MOTORS + GAS TURBINE ENGINES + CABIN PRESSURE CONTROLS + HEAT TRANSFER EQUIPMENT + ELECTRO-MECHANICAL EQUIPMENT + ELECTRONIC COMPUTERS AND CONTROLS 
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based on the use of Laplace transforms. 
Includes numerical results obtained with 
the aid of a digital computer for various 
values of the surface resistivity of the 
strip. 


Amplifiers 


High-Powered C-Band Klystron Ampli- 
fiers. R. W. Haegele. Tele-Tech, Aug., 
1956, pp. 82, 838. Description of integral- 
cavity klystron amplifiers, delivering 50 
to 100 watts with high efficiency and wide 
frequency range by using ceramics in seals, 
fittings, and tuner. 

An Improved Type of Differential 
Amplifier. J. C. S. Richards. Elec- 
tronic Eng., July, 1956, pp. 302-305. 
Analysis of a differential amplifier stage 
having an inherently high rejection ratio 
without the use of selected tubes or a 
balance control. 

Transient-Controlled Magnetic Ampli- 
fier. George Schohan. Electronics, Aug., 
1956, pp. 176-178. Application of a 
biased rectifier for inserting impedance in 
a control circuit during a power half-cycle 
to increase voltage gain. 


Antennas 


S-Band Helical Antenna. C. R. Rivera 
and D. Schackelford. USAF MTC TN 
56-3, June 1, 1956. 11 pp. Description 
of the performance of an S-band antenna 
consisting of five, two, and one-half turn 
helical elements. 

Ground Calibration of the VOR. U.S., 
CAA TDR 227, Oct., 1955. 18 pp. 
Description of a simple and accurate 
method of calibrating VOR stations with 
a portable detector mounted on the edge 
of a counterpoise, and applicable as an aid 
in routine and preventive maintenance 
and in measuring the antenna radiation 
pattern. 

Radiation from a Vertical Antenna Over 
a Curved Stratified Ground. James R. 
Wait. U.S., NBS J. Res., Apr., 1956, 
pp. 237-244. 13 refs. Analysis of prop- 
agation over a curved earth with con- 
centric stratifications by extending Wat- 
son’s method, in order to obtain a solu- 
tion for the electric dipole radiating over 
a homogeneous sphere. 

Reflection of Electromagnetic Waves 
from Thin Metal Strips (Passive Anten- 
nae). Kristen Lindroth. Acta Poly- 
technica, No. 7 (178), 1955. 63 pp. 11 
refs. Discussion of various approximate 
methods of solution of the Hallen integral 
equation for computing the current by an 
outside incidental electromagnetic field. 
The current is represented in the form of 
both standing and continuously reflected 
waves. Includes computation of the 
radiation caused by the current arising. 

Transmitting Aerial Installation for the 
Short Wave Range. R. Greif. (Rohde 
& Schwarz Mitteil. No. 1, 1952, pp. 4-15.) 
Gt. Brit., RAE Lib. Transl. 565, Feb., 
1956. 28 pp. Description of an appara- 
tus with high operational efficiency be- 
tween 3.5 and 24 me. at relatively small 
technical outlay, with a discussion of the 
theory and the practical development. 


Capacitors 


Tantalum Solid Electrolytic Capacitors. 
D. A. McLean and F. S. Power. Proc. 
TRE, July, 1956, pp. 872-878. Develop- 


ment of a new capacitor which replaces the 
usual aqueous electrolyte with a_ solid 
semiconductor. Compared to other elec- 
trolytics, these capacitors are superior in 
low-temperature characteristics and shelf 
aging, and require no hermetic seal. 

Some General Properties of Nonlinear 
Elements. I--General Energy Rela- 
tions. J. M. Manley and H. E. Rowe. 
Proc. IRE, July, 1956, pp. 904-913. 15 
refs. Derivation of two independent 
equations relating average power at the 
different frequencies in nonlinear inductors 
and capacitors. These general energy 
equations give information on gain and 
stability of nonlinear reactor modulators 
and, consequently, of magnetic and dielec- 
tric amplifiers The equations are 
extended to include effects of hysteresis 
when the operating loop is no more than 
double valued 


Dielectrics 
Automatic Measurement of Phase 
Retardation for Radome Analysis. Mel- 


vin J. Kofoid. Rev. Sct. Instr., July, 1956, 
pp. 450-452. Development of a micro- 
wave interferometer for measuring tic 
phase retardation of a wave 
through a radome wall. 

Some Investigations on 
Aerials. I. R. Chatterjee and S. K. 
Chatterjee Indian Inst. Sci., Sect 
B, Apr., 1956, pp. 98-103. Derivation of 
the radiation field intensity at a distant 
point for a circular dielectric aerial 
excited in the HE,, mode. 

The Problem of Calculating the Inter- 
nal Field in Polycrystalline Dipole Dielec- 
trics in the Case of Relaxation Polariza- 
tion. G. I. Skanavi and A. N. Gubkin. 
(Zhurnal Experimentalnoi i Teoreticheskoi 
Fisiki, Jan., 1955) Soviet Physics - JETP, 


passing 


Dielectric 


July, 1955, pp. 56-63. Translation. 
Description of an analytical method to 
determine the internal-field coefficients 


for dielectrics of complex and unknown 
structure from experimental data on the 
relaxation polarization. Includes 
putation of the parameters characterizing 
the relaxation polarization for the case of 
organic dipolar polycrystals. 

On the Reflection of Electromagnetic 
Waves from a Dielectric Cylinder. Hans 
Wilhelmsson. Acta Polytechnica, No. 11 
(185), 1955. 16 pp. Derivation of an 
exact solution to the general problem and 
application to two cases with the magnetic 
or electric field vector of the incident plane 
wave polarized perpendicularly to the 
dielectric cylinder, taking into account in 
each instance both TM and TE modes in 
the scattered wave and the wave inside the 
dielectric cylinder 


com- 


Electronic Tubes 


IRE Standards on Electron Tubes: 
TR and ATR Tube Definitions, 1956. K. 
Garoff, M. A. Townsend, P. A. Redhead, 
E. Weber, and others. Proc. TRE, Aug., 
1956, pp. 1,037—1,039. 

Some Effects of Magnetic Field 
Strength on Space-Charge-Wave Propa- 
gation. George R. Brewer. Proc. IRE 
July, 1956, pp. 896-903. 12refs. Analy- 
sis of the propagation of space-charge 
wave in an axially symmetric electron 
beam, originating at an emitting surface 
threaded by an arbitrary amount of 
magnetic flux 
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Phase Angle Distortion in Traveling. 
Wave Tubes. W. R. Beam and D. J 
Blattner. RCA Rev., Mar., 1956, pp 
86-99. Derivation of expressions fg 
variations in shift, using Pierce  firg. 
order theory, with experimental verifig. 
tion. 

The Nature of Power Saturation jy 
Traveling Wave Tubes. C. C. Cutle 
Bell System Tech. J., July, 1956, pp. 41. 
876. 29 refs. Study of the nonlineg 
operating characteristics of a traveling. 
wave tube, using a tube scaled to log 
frequency and large size. Measurements 
of electron beam velocity and current as 
a function of r.f. phase and amplitude are 
given to show the mechanism of powe 
saturation. 

Theory of the Transverse-Current 
Traveling-Wave Tube. D. A. Dunn, W. 
A. Harman, L. M. Field, and G § 
Kino. Proc. IRE, July, 1956, pp. 879 
887. Analysis of a traveling-wave tube 
in which unmodulated d.c. current is cop- 
tinuously introduced along the length of 


the tube and is removed after traveling a 
fixed distance in the presence of the circuit 
field. 


Magnetic Devices 


Magnetic Amplifiers and Their Applica- 
tions. R. J. Russell-Bates. Trans. Soe, 


Inst. Tech., Dec., 1955, pp. 152-162; Dis. 4 


cussion, pp. 162, 163. 15 refs 

A Duo-Directional Magnetic Inverter, 
G. J. Davies. Gt. Brit., RAE TN El. 
108, Jan., 1956. 18 pp. Investigation of 
a second-order harmonic magnetic ampli- 
fier as a zero-drift amplifier for low-imped- 
ance sources such as thermocouples and 
strain gages. 

Peaking and Interphase Transformers 
for Thyratron Control. V. P.H. Chin and 
E. E. Moyer. Elec. Mfg., May, 1956, 
pp. 136-144. 31 refs. Description of 
devices and discussion of their advantages 
and applications. 


Measurements & Testing 


A Pulse Generator for Testing Electro- 
Magnetic Stepping Devices. W. H. H. 


Kelk. Gt. Brit., RAE TN El. 109, Mar., 
1956. 10 pp. Description of a polarized 
relay driven by an_ electronic pulse 


generator. Includes circuit details of 
Wien bridge oscillator, amplifier clipper 
circuit, monostable multivibrator, output 
stage, pulse switching, load circuit, and 
the counting circuit. 

Modern Galvanometers. W. J. Rei- 
chert. Gt. Brit., RAE Lib. Transl. 580, 
May, 1956. 7 pp. Developmental re- 
view followed by a critique of the condi- 
tions to be satisfied by a sensitive galva- 
nometer and the methods of obtaining such 
instruments with optimum sensitivity. 


Noise & Interference 


A Simple, Nomographic Method for 
Determining Vibration Power. J. J. 
Kerley, Jr. Mach. Des., Aug., 1956, pp. 
93-98. Method of analyzing effect of 
vibration on electrical noise using an 
energy relation and suggested design pro- 
cedures for electronics package. 

On the Distribution of the Product of 
Diode Detector Waveforms. E. L. RB. 
Webb. Can. J. Phys., July, 1956, pp. 
679-691. Theoretical analysis over the 
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Aircraft Banery 
Disconnect 


We’re pushing power! . . . High-quality Cannon power ' 
connectors for all types of aircraft and stationary engines. 
All are exceptionally rugged units, designed and built | 
for safe, positive connection and long-lasting service. 
High-current power types from 250 to 600 amp.; | 
medium range 30 amp. 
2E Type . .. 10-20 amp., 2800v ac rms flashover, 
4, 9, 14, 19 contacts. For ground Signal Corps equipment. 
MI Type... 30 amp., 250v ac, 4 contacts. 


GB Type .. . 600 amp. and 40 amp., 3 contacts typical. 
Other GB types for external power, stationary engines, etc. 


11751-1 ... for aircraft batteries, two 600 amp. contacts. 


CA25019 . . . field maintenance type, 400 amp. and 40 amp., 
is similar to CA2551 except that it is made to fit square mating 
shell section on receptacle. 


Complete data in “GB” Bulletin, “M” Bulletin. 
“2E” Bulletin, “BU” Bulletin. 


GAMETOO 
Pi UG @ 


CANNON ELECTRIC COMPANY 
3208 Humboldt St., Los Angeles 31, Calif. 


Please Refer 
to Dept. 105 


World’s largest exclusive manufacturer 
of electric connectors for industry 
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EARFOTT 
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NEW 


‘COMPONENTS 


> 
< 
an 


YOLOW TOUINO) 


KEARFOTT COMPONENTS 
INCLUDE: 

Gyros, Servo Motors, Synchros, 
Servo and Magnetic Amplifiers, 
Tachometer Generators, Her- 
metic Rotary Seals, Aircraft Navi- 
gational Systems, and other high 
accuracy mechanical, electrical 
and electronic components. 


FOR LIGHT, MORE RELIABLE 
SERVO SYSTEMS 


SERVO MOTORS 


Standard Kearfott servo motors and servo motor- 
generator combinations are now available for 
operation with transistorized amplifiers. These 
units feature center tapped control phase windings 
rated 40 volts in series and 20 volts in parallel. 
Fixed phase excitation to size 10 units is 26 volts 
400 cps and to size 11, 15 and 18 motors 115 volts 
400 cps. 


SUMMARY OF CHARACTERISTICS 


Size Stall No Load Watts Weight 
Torque Speed Phase 

10 -28 02. in. 6500 RPM a 1.5 oz. 

VW -63 o2. in. 6700 RPM 3.5 4.5 oz. 

15 1.53 oz. in. 5300 PRM 6 7.30 oz 

18 | 2.4 oz. in. 5300 RPM 9 12.2 oz. 


AMPLIFIERS 


A new transistorized servo amplifier suitable for 
driving size 10 and 11 servo motors is also avail- 
able. This amplifier provides a 40 volt, 3 watt 
output. Designed to meet the requirements of 
MIL-E-5400 it is rated for operation over the 
ambient temperature range of —54°C to +71°C. 
A servo type base and a cable with an SM11-20H 
connector is provided. Dimensions 1 42/64" dia. 
x 3 25/32" high, weight 8 ozs. 


Write Today For Descriptive Technical Data 


earfott 


A SUBSIDIARY orf 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 
Midwest Office: 188 W. Randolph Street, Chicago, Ill. South Central Office: 6115 Denton Drive, Dollos, Texas 
West Coast Office: 253 N. Vinedo Avenve, Posadena, Calif. 


whole range of the signal-to-noise ratio fo, 
the probability distribution of the produg 
of two wave forms which come from the 
diode second detectors of radio receivers 
Computed curves of probability density 
are given for small and moderate values of 
signal-to-noise ratio, and the limiting forp 
for large signal-to-noise is indicated 

R-F Tightness Using Resilient Metallic 
Gaskets. O. P. Schreiber. Ele Mfg, 
July, 1956, pp. 116-123. Application of 
metallic R-F gasketing materials in the 
design of equipment enclosures in order to 
achieve effective radio-interference sup- 
pression. 


Oscillators & Signal Generators 


A High-Precision Calibrator for Fre- 
quency and Time. R. W. Frank and F. 
D. Lewis. Gen. Radio Exp., June, 1956. 


8 pp. Description of a time/frequency | 


calibrator employing a crystal mixer for 
frequencies up to 1,000 mc., an amplifier 
for audible beats to make possible direct 
calibration of oscillators up to 1,000 me, 
and a video amplifier for the multivibrator 
output to permit the oscilloscope time. 
axis calibrations. 

The Effect of Electrical Fluctuations on 
a Vacuum Tube Oscillator. P. I. Kuz 
netsov, R. L. Stratonovich, and V, I, 
Tikhonov. (Zhurnal Experimentalnoi i 
Teoreticheskoi Fisiki, May, 1955, pp. 
509-523.) Soviet Physics - JETP, Nov., 
1955, pp. 510-519. Translation. Deri- 
vation of expressions of amplitude and 
phase for the one-dimensional probability 
density functions and description of an 
approximation method for the determina- 
tion of the correlation functions. 

Novel Circuit for a Stable Variable 
Frequency Oscillator. David Makow. 
Proc. IRE, Aug., 1956, pp. 1,031-1,036. 
Description including theoretical con- 
siderations leading to the circuit develop- 
ment, its operation, and tests on an 
experimental model. The circuit depends 
on a quartz crystal to provide a consider- 
able reduction in frequency variation with 
resonator drift. 

Current Derived Resistance-Capaci- 
tance Oscillators Using Junction Transis- 
tors. D. E. Hooper and A. E. Jackets. 
Electronic Eng., Aug., 1956, pp. 333-337. 
10 refs. Discussion of the basic criteria, 
considering two particular circuits—one 
using a 180° and the other a 0° phase 
shift. 

Amplitude Limitation in LC-Oscillators 
Using Two Biased Diodes. Ziya Akcasu. 
Wireless Eng., June, 1956, pp. 151-155 
Calculation of oscillation and harmonic 
distortion presented as curves from which 
oscillations can be modulated linearly. A 
practical circuit is described which 1s 
shown to be adequate for high-frequency 
stability. 

Klystron Oscillator Noise Theory. R. 
L. Bell. Brit. J. Appl. Phys., July, 1956, 
pp. 262-267. Calculation of amplitude 
and frequency fluctuations generated in a 
floating-drift-tube klystron oscillator by 
thermal noise in the cavity, and current 
and velocity noise on the electron beam 

Oscillatori Polifasi a Resistenza ¢ 
Capacitéa. Mario Picchi (L’ Energia 
Elett. No. 11, 1955.) U. Pisa, Eng. Fac. 
Paper No. 750, 1955. 11 pp. In Italian 
Evaluation of polyphase resistance-ca- 
pacitance oscillators, taking into account 
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Two extension coil springs hold 
assembly against shaft. 


Axial compression springs exert 
constant positive pressure to- 
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Key and pin assemblies lock car- 
bon segments against rotation. 


ward the sealing face. 


KOPPERS 
r CIRCUMFERENTIAL 
SEAL 


PROVIDES UP TO 2000 hrs. /| 
OF PERFORMANCE 


CAN USE LESS THAN 5 h.p. 


Flexible sealing segments per- 
mit seal to achieve same circu- 
larity as shaft. 


Koppers Circumferential Seal is a segmented car- 
bon seal ring with straight-cut joints. Its design 
can be modified to use step type joints or step seal 
joints. Primarily a gas seal, the Koppers Circum- 
ferential Seal will seal liquids if the geometry of 
the shaft mating faces is changed. 

Koppers Circumferential Seals are one of a large 
variety of seals designed and manufactured by 
Koppers for every industrial use. Because of this 


KOPPERS 


Engineered Products 


Sold with Service 


Straight-cut joints are covered 
and sealed by segmental cover 
ring and segmental back ring. 


A number of finite joint gaps allow 
for ring wear. 


complete line, Koppers can recommend, without 
bias, the seal best suited to your specific applica- 
tion. And Koppers continuous development and 
testing of new designs and new materials assure 
you of the most advanced, most efficient seals for 
your purpose. If you have a sealing problem, write 
to the Koppers CompPANy, INc., Metal Products 
Division, Piston Ring and Seal Department, 2210 
Scott St., Baltimore 3, Maryland. 


MECHANICAL 


SHAFT SEALS 
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optimum frequency stability, with an 
analysis of possible modification to elimi- 
nate the amplifier stage. 


Radar 


High Efficiency Microwave Lens. 
Richard L. Smedes. Sperry Eng. Rev., 
May-June, 1956, pp. 2-8. Discussion of 
the fundamental concepts of microwave 
lens design and some of the _ specific 


electrical and mechanical problems 
encountered. 

Klystron Control System. I—The 
Cartograph. II—Comprehensive A.F.C. 


IiI—Specimen Design for A.F.C. R. J. 
D. Reeves. Wireless Engr., June, July, 
1956, pp. 135-1438, 162-167. Descrip- 
tion of an automatic frequency control 
system for radar with a 1/2-microsec. 
pulse and a repetition rate of 2 ke./sec. 

Transistor Amplifier for Radar Video. 
Richard Leslie. Electronics, Aug., 1956, 
pp. 142-145. Development of a grounded 
emitter video amplifier, taking into account 
transistor parameter variations with tem- 
perature. 

Range Measuring Systems Using Pulse 
Techniques. Paul Kernan. Aero. Dig., 
July, 1956, pp. 32-44. Discussion of 
range measuring systems. Most of these 
devices use a two-scale system such as the 
Meacham range unit. Such systems have 
a delay generator as the rough scale and 
the phase delay of a precisely controlled 
frequency as the fine scale. Other two- 
scale systems use range marks obtained 
from a crystal oscillator as the rough 
scale and interpolate between these 
range marks with a variable calibrated 
delay for the fine scale. 

Marconi Coherent M.T.I. Radar on 50 
cms. E. Eastwood, T. R. Blakemore, and 
B. J. Witt. Marconi Rev., 2nd Quarter, 
1956, pp. 53-60. Description of an 
apparatus which applies firmly established 
radio engineering principles in the com- 
munication field to the design of a radar 
to meet, with high reliability, the needs of 
busy airport terminals. 


Semiconductors 


Semi-Conductors. I—A Simple Guide 
to the Terms Used in Literature on Tran- 
sistors. Wireless World, July, 1956, pp. 
317-321. 

Rectifying Semiconductor Contacts. 
H. K. Henisch. Sylvania Tech., July, 
1956, pp. 73-79. Review of theoretical 
progress in the field of contact rectification, 
with special reference to rectifying systems 
which involve currents carried by positive 
holes as well as electrons. 

On the Theory of the Hall and Nernst- 
Ettinghausen Effects in Semiconductors 
with Mixed Conductivities. F. G. Bass 
and I. M. Tzidilkovski. (Zhurnal Experi- 
mentalnoi 1 Theoreticheskoi Fisiki, Mar., 
1955, pp. 312-320.) Soviet Physics- JETP, 
Sept., 1955, pp. 267-272. Translation. 

The Theory of the Hall Effect in Ionic 
Semiconductors. M. I. Klinger. (Zhur- 
nal Experimentalnoi i Teoreticheskoi Fisiki, 
Oct., 1955, pp. 489-448.) Soviet Physics - 
JETP, May, 1956, pp. 383-390. Transla- 
tion. Calculation of the Hall coefficient 


for ionic semiconductors and considera- 
tion of the interaction of the electron with 
the polarizing vibrations of the crystal, 
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in both the adiabatic approximation and 
the weak coupling case. 

Propagation of a Short Pulse in a Semi- 
conductor Bounded by Two Hole-Elec- 
tron Transistors. E. I. Adirovich and V. 
G. Kolotilova. (Zhurnal Experimental- 
not t Teoreticheskoi Fisiki, Dec., 1955.) 
Soviet Physics - JETP, July, 1956, pp. 


670-676. Translation. Calculation of 


the pulse when one of the two-hole elec- 
tron transistors (x = Q) is positive and the 
other (x = has a negative bias such 


that a semiconducting triode system 
exists; the form of the impulse is approxi- 
mated by a 6 function. 

P-N-P Transistors Using High-Emit- 
ter-Efficiency Alloy Materials. L. D. 
Armstrong, C. L. Carlson, and M. Ben- 
tivegna. RCA Rev., Mar., 1956, pp. 
37-45. Description of test results and of 
alloy preparation techniques, with meas- 
urements of volume lifetime as a function 
of injection level to permit comparison 
with equations for the current amplifica- 
tion factor, leading to the derivation of a 
revised equation for the factor at high 
currents 

Characteristics of Transistor with 
Special Reference to Low Temperature. 
S. Uda. J. Sci. & Ind. Res., Sect. B, 
June, 265-271. Comparison 
between the terminal characteristics of 
p-n-p junction transistors at liquid air 
and at room temperatures, with considera- 
tion of input, output, transfer, and feed- 
back resistance, and of current amplifica- 
tion at the same two temperatures. 

Junction Transistor Theory. A. G. 
Milnes. Gt. Brit., RAE TN El. 117, May, 
1956. General, simplified survey 
covering basic semiconductor principles 
diode theory, simple transistor analysis 
and performance review, and _ theories 
regarding special transistor types, tran- 
sistor switching processes, and noise in 
transistors 

A Ferrite Microwave Modulator Employ- 
ing Feedback. W. W. H. Clarke, W. M. 
Searle, and F. T. Vail. (JEE Paper 2061 
R.) Proc. IEE, Part B, July, 1956, pp. 
485-490. Description of a feedback 
method of applying the modulation 
signal, providing a linearity substantially 
that of the feedback crystal used to 
detect the modulated microwave signal 
and reducing the effect of hysteresis by 
an amount approximating the feedback 
loop gain. The feasibility of using the 
powerful method of envelope feedback to 
contro] standard techniques for lower 
frequencies with conventional components, 
when ferrite microwave modulators are 
employed in engineering applications, is 
established 


1956, pp 


99 pp 


Wave Propagation 


Electromagnetic Properties of a Finely 
Stratified Medium. S. M._ Rytov. 
(Zhurnal Experimentalnoi 1 Teoreticheskoi 
Fisiki, Nov., 1955, pp. 605-616.) Soviet 
Physics - JETP, May, 1956, pp. 466-475. 
12 refs. Translation. Theoretical inves- 
tigation to determine the effective per- 
meability tensors « and uw of a uniaxial 
crystal and to derive limiting values for 
thin lavers as functions of the parameters 
of their materials and of the frequency 
Consideration is given to losses in a finely 
stratified medium and to boundary condi- 
tions at its surface. 


1956 


Review of Ionospheric Effects at VHP 
and UHF. C. G. Little, W. M Rayton, 
and R. B. Roof. Proc. IRE, Aug., 1956, 
pp. 992-1,018. 182 refs. Summary g 
present-day knowledge covering radg 
echoes, radio noise, and absorption ang 
refraction of radio waves by the iono. 
sphere. 


Equipment 


Liquid Oxygen Equipment for Airfields 
and Converters for Aircraft. Brit, Aiy. 
craft Ind. Bul., Apr., 1956, pp. 10-15, 
Discussion of mobile oxygen-producing 
equipment, including general description, 
method of operation, oxygen-storage hap. 
dling, and oxygen requirements of several 
types of military aircraft. 

Shoring Methods. Douglas Serv., July- 
Aug., 1956, pp. 1-11. Outline of rules 
for safe and effective shoring with illus. 
trations to provide a handy guide 

Filament Lamp Failures in Aircraft, 
J. W. Sparke. Gt. Brit., RAE TN | 
100, Aug., 1955. 4 pp. Analysis of 
filament failure in lamps, indicating that 
the high vibration frequencies encountered 
in aircraft, especially in the tail of jet air- 
craft, are the main reason for failure and 
that antivibration mounts are the best so- 
lution. 

Hydraulic Fluids for 400 F. 


Harry M. 


Schiefer and Bernard Rubin. Appl. 
Hydraulics, July, 1956, pp. 102-106, 
15 refs. Investigation of silicate ester 


fluids to determine their application as 
high-temperature hydraulic fluids for 
supersonic aircraft. 

Des Problémes d’Actualité que Pose 
l'Utilisation de 1’Hydraulique 4 Bord des 
Avions. R. Lucien. Tech. et Sci. Aéro- 
nautiques, No. 2, 1956, pp. 92-96. In 
French. Problems encountered by the 
use of hydraulic equipment in aircraft, 
taking into account weight, size, and 
safety factors. 


Flight Testing 


An Electronic Timing Unit. N. B. \~ 
Acred and G. Bishop. Electronic Eng, 
July, 1956, pp. 276-282. Development 
of equipment for measuring the time 
intervals encountered in determining 
the speed of an aircraft flying over a 
straight course of known length. 

Comparison of Several Methods for 
Obtaining the Time Response of Linear 
Systems to Either a Unit Impulse or 
Arbitrary Input from Frequency-Response 


Data. James J. Donegan and Carl R. 
Huss. U.S., NACA TN 3701, July, 
1956. 39 pp. 


Quelques Aspects des Essais de Vibra- 
tion au Sol et en Vol. R. Mazet. 
France, ONERA NT 34, 1956. 17 pp. 
In French. Analysis of two aspects of 
the testing technique developed at 
ONERA for determining the critical ve 
locities of prototype aircraft starting from 
vibration tests and for the control im 
flight of the aeroelastic stability of the 
same prototypes. Includes experimental 
determination of the inertia coefficient 
related to different natural shapes of the 
aircraft. 

The Timing of the Attempt on the 
World Airspeed Record at Ford on 10th 
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March, 1956. Appendix I—Copy of Ord- 
nance Survey Certificate. Appendix II— 
Star Calibrations at Ford and Chichester 
Sites. Appendix III—Estimation of 
Aeroplane Position from Contrail at 
Chichester on West to East Transit. 
Appendix JIV—Distances, Times, and 
Speeds of Record Attempt on 10th March, 
1956. Appendix V—Assessment of Er- 
rors of Measurement of Distance and 
Time. Appendix VI—Measurement of 
Position Error on the Fairey Delta 2 
(WG. 774). Appendix VII—Data Reduc- 
tion for the Analysis of Height During the 
World Speed Record Attempt. N. E. G. 
Hill, W. Goldsmith, and T. H. Kerr. 
Gt. Brit., RAE Rep. Instn. 9, May, 1956 
38 pp. 


Fuels & Lubricants 


Calculation of a Mollier Diagram for the 
Decomposition Products of Aqueous 
Hydrogen Peroxide Solutions of 90 
Weight per cent H,O, Content. Johann 
G. Tschinkel. Jet Propulsion, July, 
1956, pp. 569-571. 

A Study of Incorporation of High Energy 
Substances in Conventional Type Fuel 
Materials by Physical Inclusion. D. 
Horvitz, F. R. Benson, I. M. Roberts, and 
H. W. Weber, Jr. Metalectro TR 
(AFOSR TR 56-17), Apr., 1956. 34 pp. 
17 refs. Investigation of methods to 
incorporate hydrogen or other high- 
energy substances into fuel materials of 
conventional thermochemical values by a 
process of physical inclusion. 

A Thermostatic Bath for Laboratory Use 
at Temperatures up to 350°C. G. Kinner. 
Gt. Brit. RAE TN Chem. 1275, Mar., 
1956. 7 pp. Description of a laboratory 
bath containing silicone fluid under an 
atmosphere of nitrogen and equipped with 
windows to permit horizontal vision. 
The equipment is used to study physical 
and chemical characteristics of lubricants 
and hydraulic fluids at elevated tempera- 
tures. 

Influence du Rayonnement Thermique 
sur l’Evaporation des Gouttelettes de 
Combustibles Liquides. E. Tissot. La 
Recherche Aéronautique, May-June, 1956, 
pp. 33-37. 16 refs. In French. Experi- 
mental determination of the radiation 
absorption of liquid fuel drops by study- 
ing the evaporation of these drops under 
the influence of a known amount of 
radiating energy. 

Paliwa w Technice Odrzutowej. I. 
Andrzej Wachal. Tech. Lotnicza, Mar.- 
Apr., 1956, pp. 43-50. 18 refs. In 
Polish. Investigation of jet-engine fuels, 
with details of the combustion phenomena. 

Bearings, Lubricants, and Lubrication— 
A Digest of 1955 Literature. Mech. Eng., 
Sept., 1956, pp. 703-714. 208 refs. 

Synthetic Oils for Aircraft Gas Turbine 
Lubrication. Lubrication, Apr., 1954. 12 
pp. Discussion covering a general de- 
scription of lubrication systems with con- 
sideration of general lubrication require- 
ments, high- and low-temperature proper- 
ties, gear and other lubrication needs. 
Review of such different classes of synt- 
ehtic oils as chlorinated hydrocarbons, sili- 
cones, organo-phosporous compounds, sili- 
cate esters, polyalkylene glycols and 
derivatives, and esters. Includes discus- 
sion on high-temperature bearing, panel 


coking, and Ryder gear and lubricant 
tests. 

Some Measurements of the Frictional 
Properties of Polytetrafluoroethylene. J. 
G. Carr and R. F. Sims. Gt. Brit., RAE 
TN El.111, Mar., 1956. 8 pp. Test 
results for friction measurements between 
a P.T.F.E. slider and a rotating copper 
cylinder at rubbing speeds between 0.001 
and 2,000 cm./sec., copper temperatures 
between 20° and 160°C., and at various 
atmospheric pressures and humidities 

Some Problems Associated with Com- 
pressor Lubrication. Lubrication, Jan., 
1954. 16 pp. Discussion considering the 
factors which control dependable com- 
pressor operation, including adequate 
installation, controlled lubrication, clean 
intake of air or gas, adequate circulation 
of cooling water or air, efficient intercoolers 
and aftercoolers, satisfactory valve opera- 
tion, periodic inspection of cylinders, pis- 
ton assemblies, packing, running gear and 
regulating devices, and proper selection of 
lubricating oil 

Characteristics and Application of 
Rocket Propellants. Kurt R. Stehling. 
Aero. Dig., July, 1956, pp. 56-60. Survey 
of rocket fuels, monopropellants, and 
oxidizers, taking into account physiologi- 
cal and material hazards and desirable 
operational and handling properties. 

Rapid Estimation of Specific Impulse of 
Solid Propellants. Albert O. Dekker. 
Jet Propulsion, July, 1956, pp. 572-575. 
Derivation of simple equations for the 
calculation of specific impulse of solid 
propellants based on the Hirschfelder- 
Sherman method of calculating thermo- 
chemical properties of gun propellants. 

Defiagration of Ammonium Perchlorate. 
Raymond Friedman, R. G. Nugent, K. E. 


Rumbel, and A. C. Scurlock. Atlantic 
Res. Cort 1FOSR TN 56-205), May, 


1956. 21 pp. Investigation for deter- 
mining the deflagration rates and product- 
gas temperatures of ammonium perchlo- 
rate, taking into account the effects of 
ambient pressure and temperature, initial 
particle-size distribution, and 
addition 


catalyst 


Gliders 


Messungen an zwei Laminarprofilen 
von Segelflugzeugen. L. Speidel. DFL 
Braunschweig, Inst. Aero. Bericht 54/21a, 
Feb. 16, 1955 19 pp. In German. 
Results of measurements on Wortmann 
theoretical FX 1057-816 and NACA 
65(a5) - 714 laminar profiles at Reynolds 
Numbers from 0.6 X 108 to 1.6 X 105. 
Includes calculations of the profile resist- 
ance, axial force, and the momentum 
coefficient by integrating the backward 
cant and the pressure distribution. 


Ice Formation & Prevention 


Report of the First Year’s Flying on the 
Development of Flight Testing Tech- 
niques for Finding and Measuring Natural 
Icing Conditions. G.C. Abel. Gt. Brit., 
ARC CP 221 (Feb. 28, 1953), CP 223 (Jan. 
18, 1955), 1956. 45, 24 pp. 12 refs. 
BIS, New York, $0.81, $0.54. Experi- 
mental investigation for studying the 
correlation of forecasts of icing and its 
occurrence, order to develop instru 


ments for measuring the parameters on 
which the icing conditions depend, fo 
studying the formation and the effects 
of ice on aircraft, and for developing water. 
spray techniques to produce ice during 
flight in clear air. 

Use of Truncated Flapped Airfoils fo 
Impingement and Icing Tests of Fy. 
Scale Leading-Edge Sections. Uwe 
von Glahn. U.S., NACA RM E56Ey, 
July 24, 1956. 29 pp. Investigation of g 
truncated airfoil section with a trailing 
flap to determine its effects on velocity 
distribution and impingement character. 
istics for icing tests. 


Instruments 


Measures par Enregistrement a Bord 
de Maquettes en Vol Libre. P. Berton, 
La Recherche Aéronautique, May-June, 
1956, pp. 39-42. In French. Experi. 
mental investigation of free-flight models, 
leading to the development of special 
measuring apparatus, whose principal 
characteristic is their reduced size. The 
apparatus was subjected to perturbations 
encountered in the surrounding physical 
conditions, including temperature, vibra- 
tion, and pressure. 

Design Recommendations for Aircraft 
Instrument Lighting. A.M. Blumenfeld, 
Aero Dig., Aug., 1956, pp. 38-41. Con- 
sideration of two general schemes—light- 
ing through and lighting behind the cover 
glass—for using the optical and _ light- 
control properties of Plexiglas acrylic 
plastics to solve some problems 

Recorder Amplifier for Flight Testing, 
Cecil C. Pine. Electronics, Aug., 1956, 
pp. 158, 159. Development of a general- 
purpose, low-frequency amplifier for flight- 
test recording of signals from synchro-, 
gyro-, and servocontrol systems. Fea- 
tures include a variable gain control, a five- 
step filter, and a variable bias control 

External Strain-Gage Instrumentation 
at Transient Elevated Temperatures. 
Irving Sherlock and Robert C. Geiger. 
ISA J., July, 1956, pp. 236-240. Dis- 
cussion of etched foil strain gages for use 
during transient temperatures up to 500° 
F. Includes method of installation, cir- 
cuit requirements, calibration, and tem- 
perature compensation 

Suction Pyrometry. T. Land. /nstru- 
ments & Automation, July, 1956, pp. 
1,314-1,320. 11 refs. Development of a 
suction pyrometer for protecting the 
thermocouple from the radiant heat trans- 
fer to or from surrounding walls and for 
moving the hot gas rapidly past the shield 
and the thermocouple. 

A New Transducer for the Measure- 
ment of Angular Vibration of Aircraft 
Control Surfaces. H. K. P. Neubert and 
H. E. Oates. Gt. Brit., RAE TM Instn 
274, May, 1956. 7 pp. Description of 
the design, construction, and experimental 
verification of two versions of different 
size and sensitivity. 


Accelerometers 


Accelerometer Calibration by Bullisiic 
Pendulum. Alvin B. Kaufman. /nsiru- 
ments & Automation, July, 1956, PP 
1,322-1,327. Application of a_ ballistic 
pendulum to the high g calibration of 
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where 


reliability 


counts... 


Giannini Ac output, inductive pickoff accelerometers 
provide the precise accuracy and consistent reliability 
demanded by today’s high speed, high altitude aircraft 
and missiles. 

Supplementing the wide range of Giannini potenti- 
ometer output accelerometers, the Series 24611 are ideal 
for accelerometer applications requiring superlative per- 
formance in the most critical airborne guidance and con- 
trol systems. Through virtually frictionless inertial mass 
suspension, the magnetically damped Series 24611 Ac- 
celerometers offer extreme sensitivity and low threshold; 
and, as in all Giannini products, RELIABILITY is their 
distinguishing feature. 

WHERE RELIABILITY COUNTS, the Series 24611 is the 
criterion for accurate, consistently reliable ac measure- 
ment of linear acceleration. 


For further information, write for Bulletin 24611. 


sales offices 


NEW YORK 1,N.Y., Empire State Bldg., CHickering 4-4700 
CHICAGO, Ill., 8 So. Michigan Ave., ANdover 3-5272 » PASADENA, Calif., 918 E. Green St., RYan 1-7152 


1956 


RANGES 

to +10.0g 

THRESHOLD SENSITIVIT. 
..-as low as 10-*g 


ac OuTPuT...to 20v/g 
REPEATABILITY 

... better than 0.1% 
DAMPING... magnetic, 
no coulomb friction so 
that response follows 
faithfully that of a 
second order resonant 
system. 


Engineering positions 
are open for career- 
minded young men 
at several locations— 
write for details. 


G.M. GIANNINI & CO., INC. -918 EAST GREEN STREET + PASADENA, CALIFORNIA 
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_ Is your Jet Engine RPM Measurement Accurate??? 


eC 


Checks 


Tachometer 


System 


Adapts 
to any 
Frequency 


Problem 


The NEW B&H Instrument 


For Turbo-Jet 
or Prop-Jet 


OMPACT 
© LIGHT 
RUGGED 


e ¢ ¢ Reads Jet Engine Speed to Guaranteed 
Accuracy of 10 RPM in 10,000 RPM (+0.1%) 


The inter-relation of RPM to efficiency and thrust in jet engines is 
fundamental. Proper adjustments for maximum thrust, engine 
life and safety of operation can be made only upon accuracy of 
instrumentation. 


The new B&H Takcat incorporates a refinement of the frequency 
meter principle. It operates in the low (0 to 1000 cps) range, 
reading the frequency of the tachometer generator on a scale 
calibrated in percent RPM corresponding to the engine’s RPM. In 
addition, the Takcat checks the tach system. The TaKCAL circuit 
and tachometer are parallel so that readings can be made simul- 
taneously to determine the accuracy (or inaccuracy) of the air- 
craft’s tach system. The TAKCAL operates during the engine run 
to properly set up engine controls for maximum economy and 
safety. 

The TakcaL’s component parts are identical with those used in 
the J-Model JetcaL Analyzer. They are here assembled as a 
separate unit tester and for use with all earlier models of the 
JETCAL Tester. 


The TakCaL operates accurately in all ambient temperatures from 
—40°F. to 140°F. Low in cost for an instrument of such extreme 
accuracy, it is adaptable to application in many other fields. 


Explosion-proof TaKCaL 
for special applications. 
Measures 200 to 7500 
RPM, direct reading, with 
+0.1% accuracy. 


For full information write or wire 


and variables for using the pendulum are 
described. 

Servo Accelerometer Uses R-F Oscilla. 
tor. Victor B. Corey. Electronics, Aug, 
1956, pp. 151-153. Development of ay 
accelerometer which automatically meas. 
ures input acceleration by a null method 
of achieving balance between two oppos. 
ing torques. 

Le Laboratoire d’Essais et Etalonnages 
de 1'0.N.E.R.A; Etalonnage des Capteurs 
d’Accélérations. M. René  Dimitrof 
Tech. et Sci. Aéronautiques, No. 2, 1956, 
pp. 78-80. In French. Description and 
calibration of acceleration-recording device 
used in ONERA facilities, problems 
encountered, and means of solution 


Automatic Control 


Pilot, Instruments, Controls—The 
Flight Control System. Gilbert L. Roth 
Aero. Eng. Rev., Sept., 1956, pp. 66-7] 
Discussion of the development of the 
system, its components and method of 
operation, and some of the human engi- 
neering considerations that have led to 
improvements. 

Calculation of Feel Cam Contour, 
Jack E. Brooks. Aero. Eng. Rev., Sept., 
1956, pp. 37, 38. Analysis to develop 
equations for the complete roller system 
geometry of spring-loaded cam for supply- 
ing artificial stick forces to a powered 
aircraft control system. 

Indukcyjne Przekazniki Nieograniczon- 
ych Katéw Obrotu i ich Zastosowanie w 
Automatyce Lotniczej. I. Janusz Mor- 
awski. Tech. Lotnicza, May-June, 1956, 
pp. 75-83. In Polish. Evaluation of 
induction transmitters of unlimited angu- 
lar motion and their use in aviation auto- 
matics. 

Criteria for Evaluating Servo System 
Performance. I, II. J. M. Nightingale 
Mach. Des., July-Aug., 1956, pp. 78-84, 
106-110. Analysis of stability and re- 
sponse in servosystems, taking into 
account frequency response, and stability, 
Niquist, algebraic, and response criteria. 

Fondamenti della Teoria dei Servo- 
meccanismi. Lorenzo Poggi. Ll’. Pisa 
Eng. Fac. Rep. 753, 1955. 249 pp. In 
Italian. Analysis of fundamental aspects 
of the theory of servomechanisms 

Improved On-Off Stabilization Systems. 
Robert W. Bass. Aero. Dig., Aug., 1956, 
pp. 28-32. 18refs. Description of a new 
synthesis procedure which eliminates the 
delays arising from time-lag and hysteresis 
in the relay or contractor in on-off con- 
trol systems. Applicable to missile con- 
trol systems. 

A Valve-Controlled Hydraulic Servo- 
mechanism. D. V. Stallard. Elec. Eng., 
Aug., 1956, pp. 710. Abridged. Theoret- 
ical investigation of a complete hydraulic 
servo having an amplifier, a single-stage 
flow-control valve, a single-vane rotary 
motor with inertia load, and a_ position 
feedback. 

The Dual-Input Describing Function and 
Its Use in the Analysis of Non-Linear 
Feedback Systems. J. C. West, J. L. 
Douce, and R. K. Livesley. (JEE Paper 
1877 M.) Proc. IEE, Part B, July, 1956, 
pp. 463-474. 18 refs. 

Lo Studio dei Servomeccanismi con il 
Metodo della Funzione a Gradino. Carlo 
Arneodo. (Atti e Rass. Tec. Soc. Ing. 
e Arch. Torino, Nov., 1954.) Torino 
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Polytech. Inst., Aero. Lab., Monograph 346, 
1955. 9pp. InItalian. Brief outline of 
a method for the solution of analog cir- 
cuits. 

I Circuiti Amnalogici Applicati allo 
Studio dei Servocomandi. Carlo Arneodo, 
(Atti e Rass. Tec. Soc. Ing. e Arch. Torino, 
Oct., 1954.) Torino Polytech. Inst., Aero. 
Lab., Monograph 344, 1955. 5 pp. In 
Italian. Application of analog circuits 
to the study of servomechanisms. 

Design Basis for Multiloop Positional 
Servomechanisms. Sidney Lees. (ASME 
Diamond Jubilee Meeting, Chicago, Nov. 
13-18, 1955.) Trans. ASME, Aug., 1956, 
pp. 1,339-1,361. Description of a design 
method which takes interferences, uncer- 
tainties, and dynamic factors into account 
simultaneously, requires only the closed- 
chain performance equations, and dis- 
tinguishes between system and component 
performance. 

An On-Off Servo Mechanism with Pre- 
dicted Change-Over. J. F. Coales and 
A.R. M. Noton. (JEE Paper 1895 M.) 
Proc. IEE, Part B, July, 1956, pp. 449- 
462. 15 refs. Results of theoretical 
investigation indicating that one change- 
over, at a unique time, is necessary to 
bring error and error rate to zero in the 
least possible time for a relay-controlled 
servomechanism represented by an mth- 
order differential equation. 


Flight Instruments 


Error in Airspeed Measurement Due to 
the Static-Pressure Field Ahead of an 
Airplane at Transonic Speeds. Thomas 
C. O'Bryan, Edward C. B. Danforth, and 
J. Ford Johnston. U.S., NACA Rep. 
1239, 1955. 13 pp. 14 refs. Supt. of 
Doc., Wash. $0.20. Theoretical and 
experimental determination of the mag- 
nitude and variation of the static-pressure 
error for various distances ahead of sharp- 
nosed bodies and open-nosed air inlets and 
for a distance of one chord ahead of the 
tip of a swept wing. Includes detailed 
discussion of the mechanism of error to 
show the contributing factors. Results 
are applicable to the selection of proper 
location for static-pressure measurements. 

Tafeln und Tabellen zur Ermittlung der 
Eigengeschwindigkeit eines Flugzeuges 
und der Machzahl im Unterschallbereich. 
E. Nickel DFL Braunschweig, Inst. 
Luftfahrzeugf. Bericht L 42-54/5, Dec. 30, 
1954. 26 pp. In German. Charts and 
tables for the determination of true air 
speed of an aircraft and of the Mach 
Number in the subsonic range from air 
temperature and dynamic and static 
pressure parameters. 

Uber die Ermittlung der Eigenge- 
schwindigkeit eines Flugzeuges mit einem 
Rechenschieber im Unterschallbereich. 
0. Weber. DFL Braunschweig, Inst. 
Luftfahrzeugf., Bericht L 44-55/7, Mar. 
15, 1955. 39 pp. 12 refs. In German. 
Analysis of the determination of the true 
air speed of an aircraft in the subsonic 
region and of an approximation obtained 
from several speed and altitude indicators 
and thermometer-type instruments, using 
aslide rule. The influence of air compres- 
sibility and the friction-generated heating 
of temperature-measuring devices is taken 
into account. 

Fahrtmesser und Machmeter. 
now. DFL Braunschweig, Inst. 


H. Sar- 
Luft- 
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fahrzeugf., Bericht 45—55/8, June 5, 1955. 


27 pp. InGerman. Measurement of the 
natural velocity of an aircraft based on the 
calculation of the impact pressure, taking 
into account different correction values 
and the measured Mach Number. 
Includes description of a Kollsman-type 
speed indicator. 


Flow Measuring Devices 


Mesure des Valeurs Efficaces des Com- 
posantes de la Turbulence en Soufflerie 
par un Voltmétre Intégrateur. J. Fiquet. 
La Recherche Aéronautique, May-June, 
1956, pp. 31, 32. In French. Descrip- 
tion of an integrating voltmeter used in 
a series of measurements for studying the 
turbulence in the Modane sonic facility. 
It permits the measurement of effective 
values of uncertain electrical signals of 
given origin. 

The Hot-Film Anemometer: A New 
Device for Fluid Mechanics Research. 
S. C. Ling and P. G. Hubbard. J. Aero. 
Sci., Sept., 1956, pp. 890, 891. Descrip- 
tion of a new heat-transfer-type sensing 
element consisting of a very thin plati- 
num film fused to a_ glass surface, 
developed for the study of flow character- 
istics in both gases and liquids. 

Strémungstechnische Aufgaben im 
Lichte der Méesstechnik. R. Wille. 
VDI-Zeitschrift, May 11, 1956, pp. 756- 
760. 13 refs. In German. Description 
of a hot-wire anemometer and discussion 
of its application to flow measurements. 


Timing Devices 


Time Correlator for Problems in Aero- 
dynamics. George Tolmie Skinner. 
U.S., NACA TN 3682, June, 1956. 32 
pp. Description of an instrument storing 
periodic samples of the signal in a box 
from which they are recovered after a pre- 
determined delay time. The device makes 
use of the general statistical properties of 
the signals to be handled. 

Timing Marker Generator. 
Bollinger. Instruments & 
July, 1956, pp. 1,329-1,330. Abridged. 
Description of a l-sec. timing signal 
generator used in evaluation tests of 
rocket-engine propellants. 

Improved Equipment for Timing World 
Airspeed Records at High Altitude. N.E. 
G. Hill and W. Goldsmith. Gt. Brit. 
RAE Rep. Instn. 6, Apr., 1956. 35 pp. 
Development of timing equipment for 
use under F.A.I. rules. A camera and 
chronometer were especially designed and 
are described. 


Loren E. 
Automation, 


Machine Elements 


K Teorii Sfericheskogo Podshipnika. 
L. G. Loitsianskii. Pzkl. Mat. i Mekh., 
1956, pp. 1838-135. In Russian. Deriva- 
tion of a solution for the problem of motion 
of an incompressible viscous liquid 
between two spherical surfaces. 


Materials 


Tensile and Tensile Fatigue Properties 
of Transparent Enclosure Attachments for 
Aircraft. Edward Holm, William Yama- 
guchi, M. Elber Latham, and J. G. 
Stansbury. USAF WADC TR 54-396, 
July, 1954. 71 pp. 
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Corrosion & Protective Coatings 


The Oxidation of Aluminium in Dry and 
Humid Oxygen Atmospheres. R. K. 
Hart. Proc. Royal Soc. (London), Ser. A, 
July 10, 1956, pp. 68-88. 55refs. Inves- 
tigation on polished aluminum single- 
crystal surfaces in dry oxygen at 20°C. 
and one atmosphere and in 80 per cent 
saturated oxygen at 25°C. and one 
atmosphere. Three methods are used to 
identify and estimate the film surfaces: 
anodic polarization, electron diffraction, 
and capacitance measurement. 

Anodized Coatings for Aluminum. R. 
V. Vanden Berg. Materials & Methods, 
July, 1956, pp. 90-94. Discussion of the 
anodizing process, taking into account 
electrolytes, coloring, the effects of alloying 
elements and of anodizing on material 
parts, and the forming characteristics. 

Ein Beitrag zum Problem der Span- 
nungskorrosion bei Pressprofilen und 
Pressteilen aus Aluminium-Legierungen. 
W. Rosenkranz. Nordrhein-Westfalen, 
Wirtsch. & Verkehrsmin., Forschungsbericht 
No. 158, 1956. 98 pp. DM 27.40. In 
German. Study of the problem of stress 
corrosion in aluminum-alloy molded and 
extruded specimens, with an analysis of 
the discrepancy between theory and 
experiment. 


Metals & Alloys 


A Dictionary of Metallurgy. XLV— 
Sp-St. A. D. Merriman and J. S. Bow- 
den. Metal Treatment, July, 1956, pp. 
273-280. 

Aircraft Armament Equipment. R. E. 
Kemelhor. Aero. Eng. Rev., Sept. 1956, 
pp. 48-53. Discussion of the metallurgi- 
cal and material problems involved in the 
design, development, and manufacture of 
aircraft armament, with emphasis on the 
need for a high-strength, corrosion-resist- 
ant stainless-steel material for use in 
bombing systems. Includes data on 
other materials used in aircraft arma- 
ment mechanisms. 

Poisson’s Ratios and Volume Changes 
for Plastically Orthotropic Material. 
Elbridge Z. Stowell and Richard A. Pride. 
U.S., NACA TN 3736, Aug., 1956. 28 
pp. Measurements of Poisson’s ratios in 
three orthogonal directions on aluminum- 
alloy blocks in compression and on stain- 
less-steel sheet in both tension and com- 
pression, resulting in a method to correlate 
the measured individual values of the 
Poisson ratios and the stress-strain curves 
for the material. 

Fatigue Strength of Alloy Steel Bars 
with a Round-Crack. Tadasi Isibasi and 
Tsunemi Uryu. Kyushu U., Japan. Rep. 
Res. Inst. Appl. Mech., Jan., 1956, pp. 
57-65. Results of tests for the determina- 
tion of fatigue strength of round-cracked 
specimen of nickel-chromium and chro- 
mium-molybdenum steels subjected to 
rotary bending stress. 

Investigation of Ball Race Steels. zt. 
Brit., MOS S&T Memo. 17/55, Jan. 19, 
1955. 8 pp. Results of hardness and 
fatigue tests on heat-treated steels used for 
ball bearings. 

Creep and Design. Ward F. Simmons. 
Battelle Tech. Rev., July, 1956, pp. 10-14. 
Discussion of creep problems and creep- 
rupture studies, with particular emphasis 

(Continued on page 148) 


Altitudes high above ceilings for today's aircraft are simulated in th 


Framed in this doorway... 


vital questions for engineers 


How will it work in the air? At what altitude? 
For how long? To get the answers, nothing is spared 
to provide engineers with necessary and top- 
notch equipment at North American’s Columbus 
Division. 

Facilities include 16 completely equipped labora- 
tories. In addition, a new air-conditioned engineer- 
ing building will soon be completed. 

The Columbus Division has prime responsibility 
for all North American’s aircraft projects for the 
Navy—from concept through flight. It is a vigorous, 
completely integrated organization where advance- 
ment is based on individual recognition. If you are 
an ambitious engineer who would like an unusual 
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career opportunity, you owe it to your future growth 
to find out about openings in your field with us. 


OPPORTUNITIES IN EVERY PHASE OF AIRCRAFT ENGINEERING 


Aerodynamicists, Thermodynamicists, Dynami- 
cists, Stress Engineers, Structural Test Engineers, 
Flight Test Engineers, Mechanical and Structural 
Designers, Electrical and Electronic Engineers, 
Wind Tunnel Model Designers and Builders, Power 
Plant Engineers, Research and Development Engi- 
neers, Weight Engineers. 

Get the full story. Write today: Mr. J. H. Papin, 
Personnel Manager, Dept. 56-AER, North 
American's Columbus Division, Columbus 16, Ohio. 
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Volume 1, Number 10 
ACOUSTICS, SOUND, & NOISE 


ACOUSTIC RADIATION FROM A STATIONARY 
CYLINDER IN A FLUID STREAM (AEOLIAN 
TONES). B. Etkin, G. K. Korbacher, and R. T. 
Keefe. UTIA Rep. 39, May, 1956. 45 pp. 20refs. 
Application of Lighthill's equations for the sound 
due to body forces to the flow past a circular cyl- 
inder, in order to make quantitative predictions of 
the directionality and intensity of the sound field 
and of the total power output. Includes subsonic 
wind-tunnel tests for providing qualitative experi- 
mental verification of theoretical results, which 
indicate that the sound field is related to the oscil- 
lating lift and drag forces acting on the cylinder. 
Measurements are taken of the overall sound pres- 
sure levels and sound spectra with various cylin- 
ders mounted in the test section by using micro- 
phones located both inside and outside the tunnel. 


AERODYNAMICS 


Aerothermodynamics 


NOTE ON THE FLOW FIELDS ON THE REAR 
PART OF BLUNT BODIES IN HYPERSONIC FLOW 
Antonio Ferri and Adrian Pallone. USAF WADC 
TN 56-294, July, 1956. 19 pp. Discussion empha- 
sizing the importance of entropy effects as a func- 
tion of Mach Number and indicating how these ef- 


fects increase with Mach Number to achieve consid- 


erable significance in the Mzl0 to M=20 range. 

Theoretical consideration is given to the effects of 
entropy rise and Mach Number variations on pres- 
sure and heat-transfer distributions at the shoulder 


October, 1956 


308), July 13, 1956. 35 pp. Analysis to determine 
a body shape from a prescribed pressure field. A 
tangent-wedge approximation is used to provide an 
explicit relation for the pressure inside the bound- 
ary layer and the local effective body inclination. 
The moment integral method is used in the analy- 
sis of the boundary layer growth. For the pre - 
scribed pressure field an iterative scheme is de- 
viced to compute the necessary body shape. Numer- 
ical examples are computed for a specific pressure 
field at M = 10 for a range of Reynolds Numbers in 
three different cases: (1) a heated surface, (2) a 
cooled surface, and (3) a super-cooled surface. Re- 
sults show that the iterative scheme converges rap- 
idly and provides an example which exhibits continu- 
ous transition from the strong interaction solution 
to the weak interaction solution. 


ETUDE EXPERIMENTALE DE LA CONVECTION 
FORCEE SUR PAROI MOBILE (HYPERCONVEC- 
TION FAVRE). Charles Bory. France, Min. de 
l'Air PST 312, 1956. 70 pp. SDIT, 2 Av. Porte- 
d'Issy, Paris 15, Fr. 1,000. In French. Studyof 
the heat transfer between the flow of air and a cyl- 
inder, whose wall is partially exposed to the wind. 
Measurement of the convection coefficient for sev- 
eral wind velocities; for each of them a determina- 
tion is achieved for the motionless wall and for dif- 
ferent velocities of the wall, obtained by rotating 
the cylinder about its own axis. The most interest- 
ing phenomena correspond to the experiences where 
the wind velocity and the velocity of the wall follow 
the same direction (Favre hyperconvection). Lagran- 
gian variables are used for determining anumerical 


of wedge-plate or cone-cylinder configurations, and the and 
to pressure distribution in the rear part of a closed ae : ee within the boundary layer, ap- 
body or at the base of a blunt body. Analysis as- 


sumes a perfect gas and neglects dissociation of gas AEROTHERMODYNAMIQUE FONDAMENTALE 

molecules. ET NOTIONS D'‘AEROTHERMOCHIMIE. Maurice 

Roy. France, ONERA Pub. 84, 1956. 68 pp. In 

AN INVERSE PROBLEM IN HYPERSONIC VIS- French. Evaluation of fundamental aevothermo- 
COUS FLOW. T. Y. Li. Rensselaer Polytech. dynamics and of principles of aerothermochemistry 
Inst. Dept. Aero. Eng. TR AE5603 (AFOSR TN56- leading tothe derivation of the mechanics of continu- 
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ous anddeformable media. Theconceptof efficiency 
is discussed for several applications and the isen- 
tropic efficiency of the rate of fluid flow is analyz- 
ed. One-dimensional flows are studied, taking in- 
to account both the case of chemical reaction and 
that of thermal interaction within and at the bounda- 
ry of the media. Also discussed are phenomena oc- 
curring during the "thermal blocking" or "'aero- 
thermochemical blocking", conditions of maximum 
output of a heated or cooled cylindrical nozzle, and 
influence of the energy dissipation. 


INTEGRAL METHODS FOR LAMINAR HEAT- 
TRANSFER CALCULATIONS. J. A. F. Hill. MIT 
NSL TR 159, June 1, 1955.: 54 pp. 29 refs. Evalu- 
ation of known methods, classified in types accord- 
ing to the assumptions on which they are based, 
with the results of the evaluation leading to sugges- 
tions for reforms. The fundamental aspects of the 
integral approach are examined from Thwaites' 
point of view which emphasizes the conclusions 
which can be drown from the exact solutions, and 
the consequences of each assumption on which the 
various methods are based are thus compared with 
an exact solution for the heat-transfer-rate distri- 
bution on an isothermal cylinder in low-speed, 
constant-properties flow. It is shown that the best 
results can be obtained by fixing the shape of the 
temperature profile and allowing the thickness of 
the thermal boundary layer to be determined by the 
integral energy equation. 


LAMINARNYI POGRANICHNYI SLOI SZHIMAE- 
MOGO GAZA NA PLASTINE PRI BOL'SHIKH PE- 
REPADAKH TEMPERATUR. V.V. Lunev. Prikl. 
Mat. i Mekh., May-June, 1956, pp. 395-401. In 
Russian. Investigation of the laminar boundary 
layer over a flat plate, neglecting the simplifying 
assumptions of the temperature dependence of vis- 
cosity. The Prandtl Number is assumed to be 
constant or very little influenced by the tempera- 
ture. The analyzed temperature ratio includes the 
region of flow separation. For constant boundary 
conditions, the method of successive approxima- 
tions, leading to the exact solution of the problem, 
is given and formulated for a large ratio of bound- 
ary conditions. 


MASS TRANSFER COOLING OF A LAMINAR 
AIR BOUNDARY LAYER BY INJECTION OF A 
LIGHT-WEIGHT GAS. E. R. G. Eckert, P. J. 
Schneider, and F. Koehler. U. Minn. Inst. Tech. 
Dept. Mech. Eng. TR 8 (OSR TN 56-136), Apr., 
1956. 24 pp. Velocity, concentration, and tem- 
perature field calculations for a laminar boundary 
layer created by high-velocity, steady two-dimen- 
sional air flow with locally uniform pressure and 
with fluid (hydrogen) injection from the surface. 

All fluid properties are assumed to vary with local 
mixture concentration and temperature in the bound- 
ary layer. Results in the form of profiles of the 
parameters investigated are given for a particular 
free-stream air temperature of 392°F. , a free- 
stream Mach Number of 12, a surface-to-free- 
stream temperature ratio of 6, and surface concen- 
trations of 0, 0.2, 0.4, 0.8.and 0.9. The injection 
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rate and skin friction are presented as a function 
of the surface concentration. Hydrogen is used 
because of the difference between its properties 
and those of air. 


ON HEAT TRANSFER IN LAMINAR BOUNDARY 
LAYERS AT HIGH PRANDTL NUMBER. G. wW. 
Morgan and W. H. Warner. J. Aero. Sci., Oct., 
1956, pp. 937-948. 25 refs. ONR-sponsored anal. 
ysis of the asymptotic behavior of the heat transfer 
in laminar boundary layers. The study is basedon 
the assumption that, for a large Prandtl Number, 
the conduction term in the energy equation must be 
important only in a region that is very narrowcom.- 
pared with the velocity boundary layer, but both 
convection and conduction are essentialin that re- 
gion. A transformation based on the Prandtl Num- 
ber of the coordinate normal to the body surface 
leads to a form of the energy equation in which the 
appropriate convection and conduction terms can 
be balanced with respect to their asymptotic de- 
pendence on the Prandtl Number, and the behavior 
of the local heat-transfer coefficient can be deduced 
immediately. 


THE EFFECT OF HEATING AND COOLING ON 
THE STABILITY OF THE BOUNDARY-LAYER 
FLOW OF A LIQUID OVER A CURVED SURFACE. 
R. C. Di Prima and D. W. Dunn. J. Aero. Sci., 
Oct., 1956, pp. 913-916. 12 refs. Investigation 
of the effects of heat transfer on three-dimensional 
instability of laminar boundary layers over concave 
surfaces. Results of numerical calculations for 
boundary-layer flow of water indicate that heating 
and cooling of the wall have only a small influence 
on this type of instability, as compared to their ef- 
fect on the usual two-dimensional instability. For 
three-dimensional instability the centrifugal force 
is the controlling factor, and depends only on the 
overall properties of the basic-flow distributions, 
such as the average velocity gradient. 


APPLICATION OF HYDRAULIC ANALOG METH- 
OD TO ONE-DIMENSIONAL TRANSIENT HEAT 
FLOW. E. L. Knuth and E. L. Kumm. Jet Pro- 
pulsion, Aug., 1956, pp. 649-654, 659. Extension 
of the analogy between one-dimensional transient 
heat flow and flow of a liquid through a tube to in- 
clude certain boundary conditions which occur in 
problems involving aerodynamic heating. The de- 
sign and construction of a hydraulic analog comput- 
er are described. Results indicate that nonlinear 
variations of environmental temperature and heat 
transfer coefficient with time, and nonlinear vari- 
ations of thermal properties of a wall material 
with temperature can be handled easily; and thata 
clear physical picture of the temperature variations 
in the wall is obtained by observing the computer 
during its operation. 


THE BOLTZMANN H-FUNCTION APPLIED TO 
THE SHOCK TRANSITION. Appendix A - DISTRI- 
BUTION FUNCTION AND INTEGRATION FORMU- 
LAE. Appendix B - APPROXIMATIONS TO BOLTZ- 
MANN'S H-FUNCTION. Appendix C - MATHEMAT- 
ICAL SOLUTION OF THE SHOCK TRANSITION. 
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gE. L. Harris andG. N. Patterson. UTIA Rep.40, 
May, 1956. 32 pp. USAF-supported study includ- 
ing calculation of the Boltzmann H-function for a 
Maxwell distribution function and for two nonisen- 
tropic cases. The variation of H through a shock 
front is given for Mach Numbers 1.5 to 4.0. Re- 
sults indicate that viscosity and heat conduction 
have a marked effect on the transition of the 
Boltzmann H-function through a shock wave, tending 
to reduce the thermodynamic entropy function when 
plotted between two equilibrium states. 


Boundary Layer 


RAPID LAMINAR BOUNDARY-LAYER CALCU- 
LATIONS BY PIECEWISE APPLICATION OF SIMI- 
LAR SOLUTIONS. A. M. O. Smith. J. Aero. Sci., 
Oct., 1956, pp. 901-912. 15 refs. Method for the 
rapid calculation of the incompressible laminar 
boundary layer in an arbitrary flow around either 
a two-dimensional or a rotationally-symmetrical 
body. Solution is obtained by means of a coarse 
step-by-step procedure in which each segment of 
the velocity distribution is approximated by one of 
the Falkner-Skan family of similar flows. Solutions 
have at least as much accuracy as any other one- 
parameter approximate method. In regions of ac- 
celerating flow the accuracy appears to be very 
high, while in decelerating flows the separation is 
predicted somewhat early as compared with exact 
solutions. 


PRIBLIZHENNOE RESHENIE NEKOTORIKH 
NESTATSIONARNYKH ZADACH POGRANICHNOGO 


SLOIA. E. M. Dobryshman. Prikl. Mat. i Mekh., 


May-June, 1956, pp. 402-410. In Russian. Deri- 
vation of an approximate solution for certain non- 
stationary problems of the boundary-layer theory. 
The Shvets technique is applied to the method of 
"layer of finite thickness" in calculating the sta- 
tionary problems, and the Targ procedure for non- 
stationary cases is analyzed. 


NAHERUNGSTHEORIE FUR KOMPRESSIBLE 
TURBULENTE GRENZSCHICHTEN. A. Walz. 
(GAMM, Fachausschuss ffir Strémungsforschung, 
Tagung, Gottingen, Oct. 7, 1955.) ZAMM, Sonder- 
heft, Aug., 1956, pp. 50-56. In German. Develop- 
ment of an approximation theory for compressible, 
turbulent boundary layers. Includes determination 
of the change occurring in the conventional repre- 
sentation of the wall shearing stress and dissipation 
owing to the influence of the change in material val- 
ue, which, in the case of thermally insulated wall, 
is expressed as a function of the Mach Number of 
the outside flow M; and of the Mach Number reach- 
ed under the assumption of relatively low speed of 
the exchange process. 


Control Surfaces 


RECHERCHES THEORIQUES ET EXPERIMEFN- 
TALES SUR LE CONTROLE DE CIRCULATION 
PAR SOUFF LAGE APPLIQUE AUX AILES D'AVI- 
ONS. L. Malavard and P. Jousserandot. France, 
ONERA NT 37, 1956. 75 pp. 12 refs. In French. 


Evaluation of the problem of reducing the speedand 
the take-off and landing distance of modern aircraft 
by a combination of external and internal aerody- 
namics. The emphasis is on theoretical and experi- 
mental means of controlling the circulation around 
airfoil profiles by accordingly orienting a jet blast 
at the trailing edge. 


A FURTHER DISCUSSION ON MIXING AND THE 
JET FLAP. B. S. Stratford. Aero. Quart., Aug., 
1956, pp. 169-183. Analysis of jet mixing by using 
momentum principles and a quantitative examina- 
tion of the sink effect. Results show that in mixing 
between the main stream and the jet, one aspect, 
the primary change in thrust, is understood and 
can be calculated. This aspect may be associated 
with the change in magnitude of the jet andthe main 
stream velocities due to the fact that the static 
pressure in the mixing region is different from that 
at infinity. The secondary loss is not so well un- 
derstood and cannot yet be calculated. This lossis 
due to the entrained fluid travelling locally in a dif- 
ferent direction from that of the jet with which it 
is mixing. Under cruising conditions the mixing 
of the jet with the boundary layer seems likely to 
influence both the optimum shape of the wing pro- 
file and its performance characteristics. This fac- 
tor suggests that the optimum lift coefficient andalso 
the minimum lift/drag ratio could be aeprnaseiny 
increased. 


Fluid Mechanics & Aerodynamic Theory 


EIN VERFAHREN ZUR UNTERSUCHUNG DES 
AUSTAUSCHVORGANGES IN VERWIRBELTEN 
STROMUNGEN HINTER KORPERN MIT ABGELOS- 
TER STROMUNG. August-Wilhelm Quick. Nord- 
rhein-Westfalen, Arbeitsgemeinschaft’fiir For - 
schung, Heft 50, 1956, pp. 35-67; Discussion, pp. 
69-78. In German. Development of a method for 
studying the mixing process in vortices behind blunt 
bodies with separated flow. Theoretical determi - 
nation of the process shows that, by measuring the 
concentration of the noise introduced into the vortex 
street, it is possible to determine the mass of air 
exchanged between the external flow and the vortex. 
‘In conjunction with this result and with the measure- 
ment of the velocity distribution in the vortex street, 
such values as the damping factor, the duration of 
the intake-value presence within the vortex, its re- 
volving time and value, as well as the exchange 
factor are given. It is also shown that the exchange 
value can be determined approximately from the 
resistance of a body. 


OB ASIMPTOTICHESKIKH RESHENIIAKH URAV- 
NENII ODNOMERNOGO NEUSTANOVIVSHEGOSIA 
DVIZHENIIA IDEAL'NAGO GAZA I OB ASIMPTO- 
TICHESKIKH ZAKONAKH ZATUKHANIIA UDAR- 
NYKH VOLN. lu. L. Iakimov. Prikl. Mat. i 
Mekh., Nov.-Dec., 1955, pp. 681-692. In Russian. 
Investigation of three types of asymptotic solutions 
for linear equations of unsteady motion of an ideal 
gas having spherical symmetry, taking intoaccount 
Landau, Zel'dovich, and Sedov results. The calcu- 
lation is performed by using functional series. The 
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first two solutions contain one given function and 
sets of given numerical constants. A numerical 
example of applying the obtained results with arbi- 
trary functions to the problem of asymptotic behav - 
ior of shock waves is discussed. This problem is 
divided into two sections, (a) study of the speed with 
which the intensity of the shock wave recedes and 
(b) methods of measuring the shape of the shock 
wave. 


MEHRPARAMETRIGE ZAHIGKEIT ALS GRUND- 
LAGE EINER QUASI-KONTINUUMTHEORIE DER 
COMPRESSIONSFRONT FUR MEHRATOMIGE 
GASE. J. Theodorides. (GAMM, Fachausschuss 
fiir StrSmungsforschung, Tagung, Gottingen, Oct. 
7, 1955.) ZAMM, Sonderheft, Aug., 1956, pp. 38-46. 
44 refs. In German. OSR-sponsored investigation 
of multiparametric viscosity as basis for a quasi- 
continuum theory of compression fronts in polya- 
tomic gases. Study includes: symmetry of the 
stress tensor; three independent viscosity mass 
parameters, one for the linear volume viscosity, 
and one for each linear and nonlinear shear viscos- 
ity. Through a superposition of transposed matri- 
ces, the tensors of the speed of deformation and 
the total stress are symmetrized; the dynamic 
equations presented in three-dimensional form; the 
laws for obtaining mass, impulse, and energy are 
confined to the uniaxial, constant case, with the 
equation of state combined and transformed. The 
integration for the case of temperature-dependent 
characteristics is discussed. 


OBTEKANIE TONKIKH TEL V TREKHMERNOM 
POTOKE. M. D. Khaskind. Prikl. Mat. i Mekh., 
Mar.-Apr., 1956, pp. 203-210. In Russian. Ap- 
plication of the method of potential theory to the 
study of three-dimensional flow around thin bodies, 
leading to the formulation of an equation for the 
curved lifting line, including the determination of 
the occuring limitations. The equations for the 
curved lifting line of semi-circular shape are solved 
for small and large Froude Numbers, and the ap- 
proximate solution, taking into account the Froude 
Number for a vertical straight lifting line complete- 
ly immersed in a heavy liquid, is derived. 


UTOCHNENIE TEORII PROSTOGO KRAEVOGO 
EFFEKTA. A. L. Goldenweiser. Prikl. Mat. i 
Mekh., May-June, 1956, pp. 335-348. In Russian. 
Derivation of a more exact representation of the 
approximate theory for simple boundary effects, 
developed by Staerman and Heckeler for axi-sym- 
metrical rotating profiles and applied by Rabotnov 
and Goldenweiser to arbitrarily shaped profiles. 
The study includes an analysis of the first approxi- 
mation theory and a tentative development of more 
adequate methods. 


OBTEKANIE PROFILEI POTOKOM DOZVUKHO- 
VOI SKOROSTI SO SVERKHZVUKOVOI ZONOI, 
OKANCHIVAIUSHCHEISIA PRIAMYM SKACHKOM 
UPLOTNENIIA. F. 1. Frankl'. Prikl. Mat. i 
Mekh., Mar.-Apr., 1956, pp. 196-202. 10 refs. 

In Russian. Investigation of the subsonic flow with 
a supersonic zone around profiles, resulting in a 
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sudden rise of condensation. The Buseman experi. 
mental results are taken into account. The formu. 
lation of the problem is based on results obtained 
for flow of an incompressible fluid around circular 
cylinders, using the hodograph method. 


EXPERIMENTS ON CIRCULAR CONES AT YAW 
IN SUPERSONIC FLOW. Maurice Holt and John 
Blackie. J. Aero. Sci., Oct., 1956, pp. 931-936, 
Investigation on two circular cones, one with a 
semiapex angle of 15° and the other with an angle 
of 20°, Pressure measurements are given for an- 
gles of yaw up to 25° and for a Mach Number of 
3.53. The measured pressure distribution and 
also the lift and drag coefficients are compared 
with corresponding values calculated by theoretica] 
methods. The three theoretical calculations are 
made using Stone's original method, the same meth- 
od corrected for entropy, and the second order de- 
velopment of Stone's method by Kopal. Comparison 
shows that the Stone second-order theory gives the 
best agreement, and that the entropy correction 
alone is not sufficient to bring the first-order solu- 
tion to agreement with experiment. 


ATTENUATION IN A SHOCK TUBE DUE TO UN- 
STEADY-BOUNDARY-LAYER ACTION. Harold 
Mirels. US, NACA TN 3278, Aug., 1956. 60 pp. 
Description of a method for determining the attenu- 
ation of a shock wave in the tube, under the assump. 
tions that the boundary layer is thin compared to the 
tube diameter and that it induces one-dimensional 
longitudinal pressure waves whose strength is pro- 
portional to the vertical velocity at the edge of the 
boundary layer. Results show the contributions of 
various regions in a shock tube to shock attenuation. 


EFFECTS OF KINEMATIC VISGOSITY AND 
WAVE SPEED ON SHOCK WAVE ATTENUATION. 
Appendix I - REVIEW OF EMPIRICAL RELATIONS. 
Appendix II - DERIVATION OF THE ATTENUATION 
FUNCTION AND THE 77” COEFFICIENT. Appendix 
III - NOTE ON THE USE OF CONSTANT p] IN THE 
CONSTANT Y, EXPERIMENTS. Appendix IV - 
NOTE ON THE APPLICATION OF NON-STATIO- 
ARY, LAMINAR SKIN FRICTION COEFFICIENTS. 
D. W. Boyer. UTIA TN 8, May, 1956. 76 pp. 

19 refs. Experimental investigation using schlie- 
ren records of the (x, t)-plane for the range of ini- 
tial conditions and channel lengths to determine 
shock speeds, with viscosity and wave speed varied 
independently. Results give good agreement with 
the Trimpi-Cohen attenuation theory, and theoreti- 
cal attenuation curves are plotted for both laminar 
and turbulent friction laws. Includes detailed re- 
sults of other attenuation studies. It is shown that 
experimental results for all tubes follow a turbu- 
lent analysis for both low and high shock strengths 
and various initial conditions after very short dis- 
tances of travel. 


Internal Flow 


ON A CLASS OF LAMINAR VISCOUS FLOWS 
WITHIN ONE OR TWO BOUNDING CONES. A. J. 
A. Morgan. Aero. Quart., Aug., 1956, pp. 225- 
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239. 10 refs. Analysis of a class of incompressi- 
ble laminar viscous flows in which the component 
velocities are inversely proportional to the distance 
from the origin, and which provide exact invariant 
solutions of the Navier-Stokes equations. These 
solutions imply that when the flow is bounded by 
impermeable conical surfaces, it must be identi- 
cally quiescent. If the bounding cones are not im- 
permeable, closed solutions for the single-cone 
case are found in terms of elementary functions. 

A numerical example of such a flow with the fluid 
injected normal to the conical boundary is given. 
Such a simplification of the hypergeometric func- 
tions entering into the problem, however, cannot 
be achieved in the two-cone case. 


RESHENIE OBRATNOI ZADACHI PLOSKOGO 
KAVITATSIONNOGO OBTEKANIIA KRIVOLINEINOI 
DUGI. G.N. Pykhteev. Prikl. Mat. i Mekh., 
May-June, 1956, pp. 373-381. 17 refs. In Russian. 
Analysis of the Gilbarg-Efros scheme representing 
a model cavitation flow with returning stream enter 
ing the cavity. The inverted problem of calculating 
the profile shape according to the given velocity 
distribution is also analyzed. Such problems are 
encountered in the projection of rational shapes of 
turbine blades and pumps with high cavitational ca- 
pacity. 


ANALYSIS OF LAMINAR INCOMPRESSIBLE 
FLOW IN SEMIPOROUS CHANNELS. P. L. Do- 
noughe. US, NACA TN 3759, Aug., 1956. 25 pp. 
Derivation of perturbation solutions of pertinent 
equations, with results compared to those obtained 
from a fully porous channel. The perturbation 
parameter measures the amount of suction or in- 
jection (blowing) at the porous wall. Results: blow- 
ing decreases the friction parameter at the porous 
wall by 25% and suction increases the wall friction 
parameter by 50% in the semiporous channel with 
a given value of the perturbation parameter; pres- 
sure in the longitudinal direction decreases for ze- 
ro and blowing (negative) values of the perturbation 
parameter for both semiporous and fully porous 
channels; sufficiently high suction values produce 
a pressure rise in the fully porous channel; either 
suction or blowing has more influence on the local 
dimensionless velocity profiles and on the wall- 
friction parameter for the semiporous than for the 
fully porous channel. 


ON THE EFFECTS OF THE REYNOLDS 
STRESS ON HYDRODYNAMtS STABILITY. J. T. 
Stuart. (GAMM, Fachausschuss fiir Stromungsfor- 
schung, Tagung, G&ttingen, Oct. 7, 1955.) ZAMM, 
Sonderheft, Aug., 1956, pp. 32-38. Investigation of 
the theory of hydrodynamic instability for finite dis- 
turbances. Infinitesimal disturbances depend upon 
the energy transferred from the mean flow to the dis- 
turbance flow, and the consequent readjustment of 
the mean flow. Since this in turn affects the rate 
of energy transfer, the critical Reynolds Number 
depends upon the magnitude of the disturbance, 
Using the Navier-Stokes equations the critical 
Reynolds Number for a finite disturbance is calcu- 
lated. Also a solution of Burger's model theoryis 


used to illustrate the properties of amplified dis- 
turbances above the critical Reynolds Number of 
instability. 


TRANSMISSION OF OSCILLATORY PRESSURES 
THROUGH INSTRUMENT PIPE LINES. Shin'ichiro 
Takeda. Hosei U. Tech. Coll. Rep. 1, May, 1956. 
37 pp. Theoretical and experimental investigation 
of a compressible fluid in a pipe line. The analysis 
develops first a basic theory, considering the fluid 
as an incompressible tube. The theory of oscilla- 
tory flow is developed for a compressible fluid, and 
the velocity distribution, the increase of the fric- 
tional resistance and total resistance coefficient, 
including the inertia effects, are calculated. This 
corrected basic theory shows that the resonance 
frequencies coincide well with experiments, but re- 
sults on the resonance amplitude are not satisfac- 
tory. Further research shows that the polytropic 
index of the closed chamber changes with the fre- 
quencies of the transmitted oscillatory pressures. 
Taking into account this effect, the decay theory 
for oscillating pressure through a pipe is formu- 
lated, and the agreement with experimental values 
of resonance amplitude is shown. 


EINFLUSS DER OBERF LACHENSPANNUNG 
AUF DIE AUSBILDUNG VON FLUSSIGKEITS- 
HOHLSTRAHLEN. G. A. Euteneuer. Forschung 
Gebiete Ing., Ausg. A, No. 4, 1956, pp. 109-122. 
In German. Study of the influence of surface ten- 
sion on the development of hollow liquid jets indi- 
cating that the development of such jets, produced 
by means of annular spray nozzles, can be calcu- 
lated under the assumption of frictionless flow. Jet 
borders are evaluated from the established theory 
for various values of surface tension and density of 
the liquid, of the initial jet velocity, and of the de- 
sign data of the spray nozzle, and are found to be 
in good agreement with observed jet borders up to 
the point where the jet breaks up into droplets. At 
small velocities, the hollow jet, owing to the sur- 
face tension, may be deformed to such an extent 
that spraying does not occur and the hollow jet con- 
tracts into a solid jet. By an adequate combination 
of the many independent variables only four param- 
eters remain as governing the problem: a dimen- 
sionless Weber group, the radius of the nozzle, and 
two flow angles which are determined by the design 
data of the spray nozzle. 


Stability & Control 


DIE BESTIMMUNG DER FLUGZEUGPOLAREN 
FUR ENTWURFSZWECKE. I - UNTERLAGEN. 
D. Fiecke. DVL Bericht No. 15, June, 1956. 242 
pp. 352 refs. Westdeutscher Verlag, K&ln & Op- 
laden. In German. Compilation of diagrams used 
for the determination of polars for different flight 
attitudes - lift, dependent on drag and angle of at- 
tack for given rigid-winged aircraft in subsonic re- 
gion, and variations in aircraft aerodynamic values 
produced by shape and velocity changes. It isalso 
pointed out that the accuracy of these polars corre- 
sponds to requirements established during the pre- 
liminary planning stage. 


(145) 


xperi. 
rmu- 
cular 
YAW 
hn 
936, 
gle 
) 
ON. 
IONS. 
A TION 
rendix 
THE 
I0- 
TS. 
hlie- 
ini- 
e 
aried 
rith 
reti- 
inar 
re- 
that 
bu- 
gths 
dis- 
ode 


136 AERONAUTICAL ENGINEERING REVIEW - October, 1956 


Wings & Airfoils 


ON TRANSONIC AIRFOIL THEORY. Gottfried 
Guderley. J. Aero. Sci., Oct., 1956, pp. 961-969. 
Theoretical investigation of the development of flow 
over an airfoil with respect to the reciprocal of the 
aspect ratio, taking into account the effect of the 
flow field at a distance from the profile on that 
close to the profile. This effect is considered in 
the form of a boundary condition, formulated by 
means of the transonic similarity law, which isim- 
posed by the flow at a distance on the flow close to 
the airfoil. The latter is then treated similarly to 
plane flows with a free-stream Mach Number close 
to one. Results establish the main trend of the 
spatial influence. 


A METHOD FOR OPTIMIZING TWO-DIMEN- 
SIONAL AIRFOILS. T. A. Cincotta. Princeton U. 
Dept. Aero. Eng. Rep. 355, May, 1956. 31 pp. 
Description ofa procedure involving comparison 
of the viscous and nonviscous solution and applica- 
tion of boundary-layer control in such a way that 
the ideal nonviscous solution is approached. In- 
cludes a preliminary experimental investigation of 
the method on a model equipped with a double~slot- 
ted flap. Results indicate the uniqueness and feasi- 
bility of the method. 


SOME RECENT DEVELOPMENTS IN THE AERO- 
DYNAMICS OF WINGS FOR HIGH SPEEDS. R. 
T. Jones. ZFW, Aug., 1956, pp. 257-262. 32 
refs. Review of work in transonic and supersonic 
theory, which includes a proposed correction for- 
mula for the effect of compressibility in two-di- 
mensional subsonic flow; the equivalence rule and 
area rule for transonic speeds; reciprocal rela- 
tions in linearized wing theory; and some general 
results connected with the problem of minimum 
wave resistance. Also an example is presented 
showing indentation of the fuselage for obtaining 
favorable interference with the wing at supersonic 
speeds. 


THEORETICAL AND EXPERIMENTAL INVES- 
TIGATION OF THE SUBSONIC-FLOW FIELDS BE- 
NEATH SWEPT AND UNSWEPT WINGS WITH TA- 
BLES OF VORTEX-INDUCED VELOCITIES. Ap- 
pendix A---DETAILED THEORETICAL CONSID- 
ERATIONS. Appendix B---DOWNWASH, SIDE- 
WASH, AND BACKWASH FUNCTIONS DUE TO A 
UNIT HORSESHOE VORTEX. W. J. Alford, Jr. 
US, NACA TN 3738, Aug., 1956. 91 pp.. 24 refs. 
Analysis based on potential-flow theory with results 
compared to those obtained experimentally for flow 
fields beneath swept and unswept wing-fuselage 
combinations. The potential-flow theory used con- 
siders both spanwise and chordwise distributions 
of vorticity as well as the wing-thickness effects. 

It is shown that significant chordwise flow gradients 
exist beneath both swept and unswept wings at zero 
lift and throughout the lift range. Calculated effects 
of compressibility indicate that significant increases 
of chordwise variation of flow angles and dynamic- 
pressure ratios should be expected in going from 
low to high subsonic speeds. 
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AUFTRIEBSLOSCHUNG UND AUFWINDLO- 
SCHUNG, ZWEI DUALE METHODEN DER LINE. 
ARISIERTEN UBERSCHALLTRAGFLACHEN- 
THEORIE; ANWENDUNG AUF DEN DOPPELDRE. 
ECKSFLUGEL. Hermann Behrbohm. ZFW, Avg, 
1956, pp. 263-268. In German. Development of 
an up-wash cancellation technique which is applied 
to the calculation of total lift and pitching moment 
for thin double delta wings in supersonic flow, 
with the position of the leading edge kink and sweep 
of the leading edge in front and aft of the kink as 
variable parameters. The method lends itself to 
the calculation of local resultant pressure distriby- 
tion over such wings. 


UBER DEN AUFTRIEB EINES RINGFLUGELS 
BEI BESCHLEUNIGTEM ODER VERZOGERTEM 
UBERSCHALLFLUG. Jtirgen Zierep. ZFW, 
Aug.-, 1956, pp. 269-272. In German. Method 
of characteristics is given for estimating the lift 
of a body with a stabilizing annular ring at any in- 
stant of accelerated or decelerated flight. Forcon- 
stant speeds the method converges into that given 
by Haack. The effects of acceleration and decelera- 
tion on the lift and thus on the stabilising properties 
of the control surface are discussed. 


SOME PRELIMINARY RESULTS FROM WIND 
TUNNEL MEASUREMENTS ON MODELS WITH 
ANNULAR WINGS AT SUPERSONIC SPEEDS. L.- 
E. Nordstrim. ZFW, Aug., 1956, pp. 272-276. 
Investigation performed at Mach Numbers 2 and 3 
on annular wings, concentrically mounted on cone- 
cylindrical bodies of revolution. Results arepres- 
ented from three-component measurements on 
wings with different chord to diameter ratios, and 
with varied position of the body nose in relation to 
the wing leading edge but with constant wing and 
body diameters. The lift distribution on a cylin- 
drical body due to the interference from anannular 
wing at Mach Number 3 is also shown for incidences 
from 3 to 12°. Some schlieren pictures and photo- 
graphs from paint tests for visualization of the 
boundary layer flow on the model are presented. 


A STUDY OF OPTIMUM SPATIAL LIFT DISTRI- 
BUTIONS AT SUPERSONIC SPEEDS. A. M. Ro- 
dr{guez. Douglas Rep. SM-19292, Nov., 1955. 39 
pp. Generalization of the previously obtained ap- 
proach applied to the problems of spatial lift distri- 
bution and interference. Study of the optimal space 
distributions that are contained in volumes of revo- 
lution, in ellipsoidal volumes, and in Mach enve- 
lopes of inclined planar regions, and investigation 
by means of Hayes' method of the interference drag 
between source, volume element, side force, and 
lift distribution, lead to the derivation of four in- 
terference theorems and a fifth theorem, concerned 
with the lower bound for the wave drag of optimal 
distributions of lift, volume elements and side 
force, that is general enough to apply to all air- 
craft configurations. 


NOTE ON THE FORCES THAT ACT NEAR THE 
CENTRE AND THE TIPS OF SWEPT WINGS. Ap- 
pendix I---THE FLOW AT LARGE DISTANCES 
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FROM A SEMI-INFINITE YAWED WING. OD. G. 
Hurley. Australia, ARL AN 150, Feb., 1956. 14 
pp. Development of a simple exact method for cal- 
culating the force acting near the end of a semiinfi- 
nite yawed wing of symmetrical section at zero, 
with results applicable to the prediction of the drag 
forces acting near the centers and the thrust forces 
acting near the tips of swept wings of large aspect 
ratio. These results indicate that these forces de- 
pend only on the angle of sweep and the airfoil sec- 
tion near the mid-semispan, provided that both re- 
main the same for a sufficient length of span about 
this position. Thus, for example, although changes 
in the shape of a swept wing near its center may 
reduce the magnitude of the drag force that acts at 
the center section, such changes will not reduce 
the total drag force near the center. 


A THEORY OF SLENDER DELTA WINGS WITH 
LEADING EDGE SEPARATION. K. W. Mangler 
and J. H. B. Smith. Gt. Brit., RAE TN Aero. 
2442, Apr., 1956. 2l pp. 14 refs. Development 
of a potential theory for the "core", a region of 
flow with high vorticity produced by the rolling-up 
of the vortex sheet which extends from the wing and 
is formed by the separation of flow at incidence, 
along the highly swept leading edge of a slender > 
delta wing. The theory assumes a conical velocity 
and is further based on the assumptions of slender 
wing theory. The three-dimensional problem re- 
duces to a two-dimensional one, and the shape of 
the entire vortex sheet and its strength are deter- 
mined by the two conditions, the flow must be par- 
allel to the vortex sheet, and the pressure continu- 
ous across it. From these conditions the shape 
and strength of the core are formed and a graphical 
method for finding the remainder of the solution is 
outlined. Analytical results indicate that for a giv- 
en delta wing the shape and strength of the sheet 
are uniquely determined by the incidence, and that 
the only effective parameter is the product of the 
incidence and the tangent of the sweep angle. Anal- 
ysis also includes discussion of some features of 
the three-dimensional and'the corresponding two- 
dimensional flow patterns. 


AEROELASTICITY 


O KOLEBANII PLASTINKI, DVIZHUSHCHEISIA 
V GAZE, A. A. Movchan. Prikl. Mat. i Mekh., 
Mar.-Apr., 1956, pp.21l-222. In Russian. Inves- 
tigation of oscillations of a plate of infinite width 
moving through a gas at supersonic speeds in the 
direction from the fixed edge toward the free edge. 
The pressure of the gas is taken into account and 
defined by an approximate formula. The relation- 
ship between the characteristics of the proper oscil- 
lations and the frequency of oscillation of the plate 
permits some conclusions to be drawn onthe stabili- 
ty of motion. The formula of critical frequency is 
obtained. 


OBRASHCHENIE TEOREM VTOROGO METODA 
LIAPUNOVA I VOPROSY USTOICHIVOSTI DVIZHE- 
NIA PO PERVOMU PRIBLIZHENIIU. N. N. Kra- 
sovskii. Prikl. Mat. i Mekh., Mar.-Apr., 1956, 


pp. 255-265. 22 refs. In Russian. The theorems 
of the Liapunov second method and the problems of 
stability of motion are transformed according to 
the first approximation. The problems analyzed 
include: the relationship between the problems of 
the existence of Liapunov's function and of the con- 
cept of stability and instability proportions; the 
characteristics of a method for transforming the 
theorems of the Liapunov second method, applied 
to both stability and instability; proof of the exist- 
ence of the Liapunov function satisfying certain 
conditions; and application of Liapunov's method 
of functions for studying stability according to the 
first approximation to the case where the trajec- 
tories of turbulent motion are considered in the ab- 
stract space. 


AIRPLANE DESIGN 


Landing Gear 


THE THEORY AND PREVENTION OF UNDAMP- 
ED AEROPLANE NOSEWHEEL SHIMMY. D. Wil- 
liams. Aero. Quart., Aug., 1956, pp. 193-220. 
Development of a mathematical theory of nosewheel 
shimmy, with particular emphasis on twin nose- 
wheel assemblies. Experimental verification of 
the theory is outlined. Results show that the most 
important remedy for shimmy is to make the cas- 
tor length greater than the creep distance, which 
in practice is found to be approximately equal to 
tire radius. Lateral flexibility of the oleo leg is 
disadvantageous but elastic constraint at the pivot 
isa goodfeature. The one necessitates an increased 
castor for stability while the other allows asmaller 
castor. By using a compact linkage mechanism, 
the effective castor length can be made independent 
of the wheel-leg offset and can have any desired 
value. 


METHODE DE CALCUL DES AMORTISSEURS 
OLEOPNEUMATIQUES ET COMPARAISON AVEC 
LES RESULTATS D'ESSAIS OBTENUS. E. Bazzoc- 
chi. Tech. et Sci. A@ronautiques, No. 3, 1956, 
pp. 125-139. In French. Development of amethod 
for calculating oleo-pneumatic sheck absorbers in 
aircraft landing gear. Includes an analysis of ex- 
perimental results, taking into account the true dy- 
namic characteristics of the regenerator and of the 
effects of friction. Results indicate that, in order 
to avoid speed vibrations of the absorber generated 
by the initial shock and due to the weight of wheels 
and other attached components (such as the piston 
of the shock absorber),and in order to obtain a dia- 
gram of the regular absorber and that with a con- 
stant maximum reaction for most of the run, the 
part of the run devoted to oil film has to vary 
with the run itself and has to be calculated exactly. 


AVIATION MEDICINE 


Human Engineering 


THE ROLE OF VISUAL CUES IN FINAL 
APPROACH TO LANDING. II---A PROPOSED 
AIRBORNE APPROACH AID. II---PROPOSED 
RESEARCH PROGRAMME ON VISUAL CUES 
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AND APPROACH AIDS. Appendix I, II---MOD- 
IFIED NAVY ANGLE OF APPROACH INDICA- 
TOR. Appendix IUI---A TRAINING DEVICE 
FOR SIMULATING VISUAL LANDINGS OR VISUAL 
LANDINGS FOLLOWING INSTRUMENT AP- 
PROACHES. Appendix IV---FEASIBILITY OF 
CONSTRUCTING A UNIVERSAL AIRBORNE AP- 
PROACH SIGHT. J. C. Lane and R. W. Cumming. 
Australia, ARL Note HE. 1, May, 1956. 48 pp. 

22 refs. Review of the information required by 
the pilot to select the point for initiating the final 
approach from straight-in and to establish and 
maintain the approach path, with a tabulation ofthe 
sources of information available to the pilot and 
recomendations for the development of training 
methods, including the use of a final approach sim- 
ulator, to enable him to make optimum use ofavail- 
able cues. Ground and airborne visual aid devices 
are described and compared. A universal approach 
sight is described which would combine features 
of both the angle-of-depression sight and the aim- 
ng-point sight to give a simple display, including 
ILS information, for providing data on when to ini- 
tiate the final approach and rate-display informa- 
tion to help the pilot hold a straight glide path 
throughout the approach. 


ELECTRONICS 
Cooling 


FORCED-AIR TECHNIQUES FOR COOLING 
ELECTRONIC EQUIPMENT. Melvin Mark and 
Mark Stephenson. Elec. Mfg., Sept., 1956, pp. 
130-136, 372 ff. 15 refs. Analysis of the cooling 
problem for airborne electronic equipment consider- 
ing the vacuum tube as the basic heat generating 
source. Equations are derived for basic heat trans- 
fer by convection, radiation, and conduction forthe 
general case. Two methods of cooling are presented, 
one by a forced-draft chimney and the other by a 
heat sink in the form of a forced-air-cooled cold 
plate. Design graphs are derived for several dif- 
ferent parameters and compared with experimental 
data obtained for each type of cooling. 


Dielectrics 


A HOMOGENEOUS DIELECTRIC SPHERE AS 
A MICROWAVE LENS. G. BekefiandG. w. 
Farnell. Can. J. Phys., Aug., 1956, pp. 790- 
803. 28 refs. USAF-supported computations ap- 
plying geometric optics and the diffraction theory 
of optical aberrations to determine the feasibility 
of using a homogeneous dielectric sphere as a mi- 
crowave lens. The investigation is based on the 
principle that such a sphere illuminated bya small 
external source of electromagnetic radiationis 
free, because of its special symmetry, from all 
off-axis aberrations such as coma and astigmatism, 
and that it can be used for rapid microwave-beam 
scanning through an angle of 360° of arc without 
moving the lens, provided that the spherical aber- 
ration is not too excessive or is partially correct- 
ed by a suitably designed source. The results sug- 
gest that a sphere of fairly small refractive index 
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and less than 30 wave lengths in diameter will 
produce a good diffraction image of a point source. 
Includes discussion of methods of designing appro- 
priate sources for use with larger spheres. 


Telemetry 


APPLICATION OF SEQUENCE TRANSFORM 
ANALYSIS TO THE DESIGN OF SAMPLING CON- 
TROL SYSTEMS. A. R. Boothroyd and J. H. Weg. 
cott. Gt. Brit., RAE TN GW 405, Mar., 1956. 53 
pp. Analysis of sampling control systems in which 
the input is in the form of discrete samples rather 
than continuous ones. The techniques describedare 
applicable to guided weapon systems in which the 
guidance information is obtained intermittently. 
Control systems involving basically the double inte. 
grations of a clamped error signal are considered, 
and Barker's method of stabilizing the system in 
regard to its response sequence at the sampling 
times is applied. Methods of correcting oscillato- 
ry tendencies between sampling times are dis- 
cussed, one possibility being to include a phase ad- 
vance network in the forward path of the feedback 
loop. A double integrator control system with add- 
ed phase advance is also analyzed. 


FLIGHT TESTING 


FLIGHT TECHNIQUES FOR DETERMINING 
AIRPLANE DRAG AT HIGH MACH NUMBERS. De 
E. Beeler, D. R. Bellman, and E. J. Saltzman. 
US, NACA TN 3821, Aug., 1956. 40 pp. 23 refs. 
Investigation of the stabilized-flight, energy, and 
accelerometer methods, with results indicating 
that the accelerometer technique is the most satis- 
factory in the determination of drag for research 
purposes, as it is the only one permitting a com- 
plete coverage of the Mach Number and angle -of-at- 
tack capabilities of an aircraft. It is also shown 
that this method requires the accurate measure- 
ment of longitudinal and normal accelerations, an- 
gles of attack, engine thrust, static pressure, air- 
speed, airplane weight, and longitudinal control po- 
sitions, and ways of achieving such accurate data 
are described. Comparison of flight and wind-tun- 
nel data must be made on the basis of component 
drags - consisting of trim, skin-friction, and pres- 
sure-induced and wave drags - for the proper inter- 
pretation of results. 


FUELS & LUBRICANTS 


PROPERTIES OF AIRCRAFT FUELS. H. C. 
Barnett and R. R. Hibbard. US, NACA TN 3276, 
Aug., 1956. 152.pp. 80 refs. Review and collec- 
tion of available fuel data useful to the fuel-system 
designer which shows clearly the range of variation 
in fuel properties to be considered in fuel-system 
problems. The effects of external influences such 
as pressure and temperature on many of these prop- 
erties are illustrated. Also an effort is made to 
indicate adequate measures by which some easily 
measured fuel properties may be used to predict 
other properties more difficult to determine by 
laboratory measurement. Data presented is re- 
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stricted to jet-engine fuels and several fuels of pos- 
gible interest in the future. 


OBSERVATIONS ON THE IRREGULAR REAC- 
TION OF SOLID PROPELLANT CHARGES. Leon 
Green, Jr. Jet Propulsion, Aug., 1956, pp. 655- 
659. 18 refs. Review of studies concerning reac- 
tion irregularities in solid-propellant rocket mo- 
tors. Evidence is presented indicating that high 
frequency pressure oscillations of finite amplitude 
can prevail in the charge cavity during outwardly 
stable operation. A possible coupling mechanism 
by which gas phase oscillations may effect exagger- 
ated rates of solid phase decomposition is sugges- 
ted in qualitative terms. 


INSTRUMENTS 


A SATURABLE INDUCTOR MAGNETOMETER. 
A. Wilson. Gt. Brit., RAE TN TD6, Apr., 1956. 
12 pp. Description of an instrument developed to 
measure the attitude of a missile relative to the 
earth's magnetic field. It is shown that, by using 
three sense elements mutually perpendicular to 
each other, it should be possible to measure the 
whole magnetic field, the accuracy obtainable de- 
pending on calibrations and on how accurately data 
can be telemetered to the ground. 


CENTRALE DE MESURES AERODYNAMIQUES; 
VITESSES, NOMBRE DE MACH, TEMPERATURES. 
G. Dion. Tech. et Sci. Aéronautiques, No. 3, 1956, 
pp. 118-124. In French. Description of apparatus 
used (besides piloting or navigational purposes) for 
transmitting measured data for various recordings, 
automatic control, and target tracking. The device 
can be applied to servo-measurements including 
aerodynamic velocity, true speed, Mach Number, 
temperature, and altitude up to 90.000 ft., andis 
based on the generalized application of magnetic 
(pressure detection, magnetic amplification) or 
electromagnetic devices. The main device of the 
system is the true speed indicator, and the com- 
bined aerodynamic-speed and Mach Number indi- 
cator can be eliminated without distorting its prop- 
er functioning. 


Flow Measuring Devices 


THE BEHAVIOR OF TRANSVERSE CYLINDRI- 
CAL AND FORWARD FACING TOTAL PRESSURE 
PROBES IN TRANSVERSE TOTAL PRESSURE 
GRADIENTS. J. L. Livesey. J. Aero. Sci., 
Oct., 1956, pp. 949-955. Results of an investiga- 
tion of the effect for certain transverse cylindrical 
and forward-facing (or pitot type) total pressure 
probes. An estimate of the error is given for 
transverse cylindrical type of probe, and the errors 
due to position and depth of the hole and wall prox- 
imity with this type of probe are considered. A 
design of a forward-facing type probe having negli- 
gible displacement error is suggested. 


PROBE MEASUREMENTS IN THREE-DIMEN- 
SIONAL FLOW. F. A. L. Winternitz. Aircraft 
Eng., Aug., 1956, pp. 273-278. 20 refs. Survey 
of instruments and methods used to measure total 
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and static pressure and direction, with compara- 
tive tests in a towing tank of two designs of five- 
orifice pitot-type probes with different head shapes. 
Speed and angle-of-flow characteristics are given 
for both probes. Results establish the advantage 
of the instrument with independent static-pressure 
orifices for measurements within a limited range 
of flow inclinations. 


Temperature Measuring Devices 


A SELF-BALANCING LINE-REVERSAL PYROM- 
ETER. Donald Buchele. US, NACA TN 3656, Aug., 
1956. 68 pp. 12 refs. Description of an instrument 
for measuring gas temperatures from 2900° to 
4500° R. The pyrometer incorporates as its two 
optical components a reflector and a fully enclosed 
unit containing a projection lamp, spectroscope, 
and photoelectric detector of line- reversal. It can 
be used to measure local temperature by the injec- 
tion of a narrow stream of sodium-containing powder 
into the gas from a probe nozzle upstream of the 
point of measurement. Results of comparison with 
a thermocouple pyrometer and a pneumatic-tube 
instrument indicate that the average deviation ofthe 
line-reversal methods from the mean of all meas- 
urements is 60° R. 


RESISTANCE THERMOMETER FOR HEAT 
TRANSFER MEASUREMENT IN A SHOCK TUBE. 
J. Rabinowicz, M. E. Jessey, and C. A. Bartsch. 
GALCIT Memo. 33, July 2, 1956. 33 pp. 10 refs. 
Development of a resistance thermometer for meas- 
uring surface temperatures and heat-transfer 
rates under highly transient conditions. By using 
a thin platinum film sputtered on the gage, a ther- 
mometer is obtained with a response lag of less 
than one microsec., a linear output of 2-3 mv/°C., 
repeatability, and durability. The gage prepara- 
tion, including sputtering technique, calibration 
method, and response characteristics are dis- 
cussed, and some measurements of surface tem- 
peratures and heat transfer rates on models inthe 
shock tube are presented to illustrate the perform- 
ance of the instrument. 


MATERIALS 


Metals & Alloys 


INFLUENCE OF HOT-WORKING CONDITIONS 
ON HIGH- TEMPERATURE PROPERTIES OF A 
HEAT-RESISTANT ALLOY. Appendix - PROC- 
ESSING OF LOW-CARBON N-155 7/8-INCH BRO- 
KEN-CORNER SQUARE BAR STOCK FROM HEAT 
A-1726. J. F. Ewing and J. W. Freeman. US, 
NACA TN 3727, Aug., 1956. 134 pp. Experimen- 
tal investigation with results serving to explain 
many of the observed variations in properties for 
the hot-worked condition. Includes tests conducted 
at constant temperature and with incremental de- 
creases in temperature, and those using a few spe- 
cial cyclic conditions involving a small reduction 
at a high temperature followed by a small reduction 
at low temperature; rupture tests at 1,200° and 
1,500°F.; and hardness, microstructures, andlat- 
tice-parameter measurements. 
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THE EFFECT OF VIBRATIONS ON THE ME- 
CHANICAL PROPERTIES OF H.R. CROWN MAX 
AND NIMONIC C.75. J. Jagaciak and J. W. Jones. 
Coll. of Aeronautics, Cranfield, Rep. 91, Sept., 
1955. 42 pp. 15 refs. Experimental results dem- 
onstrate a marked improvement in the mechanical 
properties of castings due tothe effect of vibrations 
in the subsonic range, confirmed by changes inthe 
microstructure common to both materials, The 
maximum improvements o¢cur at about 4, 000 to 
5,000 v.p.m. for H. R. Crown Max, and at about 
75 to 85 v.p.s. for Nimonic C. 75. 


Metals & Alloys, Nonferrous 


MECHANICAL TESTS ON SPECIMENS FROM 
LARGE ALUMINUM-ALLOY FORGINGS. J. A. 
Miller and A. L. Albert. US, NACA TN 3729, 
Aug., 1956. 25 pp. Results of tensile and bending 
tests in the T6 condition of 7075 and 2014 alumi- 
num alloy. The stress and strain at failure varies 
with the location and direction of the specimen in 
the forging, but no consistent relation exists be- 
tween the values for specimens parallel to the di- 
rection of the length of the forging and the values 
for specimens in either transverse direction. Biax- 
ial tensile stress conditions resulting from induced 
transverse stresses combined with direct bending 
stresses, cause fracture to occur at a much lower 
strain than for bend specimens in which critical 
stresses are uniaxial. 


TENSILE PROPERTIES OF HK31XA-H24 MAG- 
NESIUM-ALLOY SHEET UNDER RAPID-HEATING 
CONDITIONS AND CONSTANT ELEVATED TEM- 
PERATURES. T. W. Gibbs. US, NACA TN 3742, 
Aug., 1956. 20 pp. Results of rapid-heating tests 
on a magnesium alloy indicating that under constant 
load the yield and rupture temperatures vary ap- 
proximately linearly with the logarithm of the nom- 
inal temperature rates from 0.2° to 100° F. per 
sec. At higher temperature rates of 60° to 
100? F. per sec., the yield and rupture stresses 
are of the order of four to six times greater than 
the results of stress-strain tests at 600° F. Line- 
ar temperature-rate parameters are used to cor- 
relate rapid heating results by constructing master 
curves which can be used.for predicting yield 
stresses and temperatures, and for estimating rup- 
ture stresses and temperatures. 


TENSILE PROPERTIES OF AZ31A-0 MAGNE- 
SIUM-ALLOY SHEET UNDER RAPID-HEATING 
AND CONSTANT-TEMPERATURE CONDITIONS. 

I. M. Kurg. US, NACA TN 3752, Aug., 1956. 21 
pp. Experimental investigation of specimens heated 
to rupture at nominal rates of 0.2°F. to 100°F. per 
sec. under constant tensile load conditions, with 
results compared to those of conventional tensile 
stress-strain tests at elevated temperatures after 
1/2-hour exposure. A temperature-rate parameter 
is used to construct master curves from which 
stresses and temperatures for yield and rupture can 
be predicted under rapid-heating conditions, anda 
comparison of the elevated-temperature tensile 
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properties of AZ31A-0 and HK31XA-H24 magnesiuy 
alloy sheet under both constant-temperature and 
rapid-heating conditions is included. 


MATHEMATICS 


SOME RATIONALITY QUESTIONS ON ALGE- 
BRAIC GROUPS. M. A. Rosenlicht. Northwest. 
ern U. AFOSR TN 56-318, July, 1956. 43 pp. 10 
refs, Extension, to include the case where k ig 
an arbitrary perfect field, of Chevalley's proof 
that if G is a connected linear algebraic group de. 
fined over a field k, then the field k (G) of rational 
functions on G that are defined over k is k-isomor. 
phic to a subfield of a purely transcendental exten. 
sion of k when k is any field of characteristic zero, 
A number of other results on rationality questions 
is developed, including three propositions indicat. 
ing that the study of the type of field extension ob- 
tained by adjoining the characteristic roots ofa 
generic element of an algebraic group of matrices 
to the field of the generic element provides infor- 
mation on the structure of the group. 


ON SUBHARMONIC FUNCTIONS AND DIFFER- 
ENTIAL GEOMETRY IN THE LARGE. Alfred Hu- 
ber. U. Md. Inst. Fluid Dynamics & Appl. Math. 
TN BN-72 (AFOSR TN 56-261), May, 1956. 92 pp. 


33 refs. Treatment of problems pertaining to dif- 
ferential geometry in the large by function theoret- 
ical methods. Includes new proof and generaliza- 
tion of the Cohn-Vossen, Blanc, and Fiala theo- 
rems, and implies results for analytic functions 
and differentials. 


ON SURFACES ON THE TYPE»); ANALYTICAL 
THEORY OF CONTINUOUS TRANSFORMATIONS. 
Lamberto Cesari. Purdue U., Dept. Math., TN 
3 (AFOSR TN 56-358), Apr., 1956. 76 pp. 13 refs. 
Discussion of the concept of retraction for continu- 
ous mappings S2(T, A) from a finitely connected 
Jordan region Az J OF mappings, or surfaces of 
the )- type, where is the connectivity of J,0¢ 
v<+0. New features are observed for »24 which 
have no analogy to the case where is a simple 
Jordan region (vy =0). Anew concept of fine-cy- 
clic element © of a surface Sx(T, J) of the type )) 
is introduced as a retraction of S according to the 
concept of retraction, and the concept and proper- 
ties of fine-cyclic elements are discussed in detail. 


B-SETS AND FINE CYCLIC ELEMENTS; ANA- 
LYTICAL THEORY OF CONTINUOUS TRANSFOR- 
MATIONS. C. J. Neugebauer. Purdue U., Dept. 
Math., TN 4 (AFOSR TN 56-356), July, 1956. 38 
pp. ARDC-supported study including an extension 
of Cesari's concepts to Peano spaces. Attempt is 
made to decompose a proper cyclic element by gen- 
eralizing the concept of a set being cyclic, inorder 
to develop a theory for the generaiized elements as 
complete as the theory of proper cyclic elements 
of a Peano space. 


ON THE ITERATED WAVE EQUATION. Doro- 
thee Krahn. U. Md. Inst. Fluid Dynamics & Appl. 
Math. TN BN 73 (AFOSR TN 56-239), May, 1956. 
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Establishment of a theorem on the decom- 


31 pp. 
ae of the general solution of the iterated 
wave equation in terms of solutions of the Euler- 
Poisson-Darboux equation, and derivation,through 
the use of a particular decomposition,of a solution 
to the Cauchy problem for the equation L§ (w) = 0 


with initial conditions on the boundary t=0. This 
method of solution is extended to deal with the 
Cauchy problem for a more general equation and 
it is shown that corresponding results hold true for 
the polyharmonic equation. 


OSCULATORY EXTRAPOLATION AND A NEW 
METHOD FOR THE NUMERICAL INTEGRATION 
OF DIFFERENTIAL EQUATIONS. H. E. Salzer. 
J. Franklin Inst., Aug., 1956, pp. 111-120. De- 
scription of a procedure which is applicable for 
real functions and may be modified to giveanewer, 
more compact, and, in certain respects, more ac- 
curate method for the stepwise numerical integra- 
tion, over a Cartesian grid of length h, of differ- 
ential equations of the form w' = ¢ (z, w), ina re- 
gion of the complex plane where w(z) is ananalytic 
function. The method is based on the Hermite as- 
culatory interpolation formula used to extrapolate 
for functional values alone. 


METEOROLOGY 


SPECIAL ISSUE: A DISCUSSION ON RADIATIVE 
BALANCE IN THE ATMOSPHERE. Proc. Royal 
Soc. (London), Ser. A, Aug. 2, 1956, pp. 145-226. 


178 refs. Contents: Introductory Remarks, H. 

S. W. Massey. The Patterns of Radiative Heating 
and Cooling in the Troposphere and Lower Strato- 
sphere, F. Méller. The Computation of Radiative 
Heating Rates in the Atmosphere, A. R. Curtis. 
High-Resolution Spectroscopy of Minor Atmospher- 
ic Constituents, M. Migeotte. The Use of Surface 
Observations to Estimate the Local Energy Balance 
of the Atmosphere, G. D. Robinson. Solar Infra- 
Red Spectroscopy from High-Altitude Aircraft, F. 
E. Jones and V. Roberts. Some Measurements of 
the Flux of Infra-Red Radiation in the Atmosphere, 
A. W. Brewer and J. T. Houghton. Origin and 
Distribution of the Polyatomic Molecules in the At- 
mosphere, G. M. B. Dobson. Thermal Radiation 
in the Upper Atmosphere, A. R. Curtis and R. M. 
Goody. The Thermosphere, D. R. Bates. Study 
of Solar Radiation at High Altitudes Using Rocket- 
Borne Instruments, R. L. F. Boyd. Absorption 
of Ultra-Violet Radiation by the Atmospheric Gases, 
R. W. Ditchburn. Symposium directed toward 
developing a detailed understanding of the equilibri- 
um and the factors which determine it, in order to 
assist meteorological prediction. 


MISSILES 


IMPROVED ON-OFF MISSILE STABILIZATION. 
R. W. Bass. Jet Propulsion, Aug., 1956, pp. 644- 
648, 643. 16 refs. Derivation of a procedure for 
on-off control systems by which the delays (due to 
time-lag and hysteresis in the system) can be com- 
pletely eliminated. By generalization of a funda- 
mental relationship, satisfied by any fundamental 
matrix of solutions of a system of homogeneous 


linear differential equations with constant coeffi- 
cients, an explicit algorithm is developed to which 
the ideal feedback coefficients of a perfectly stabi- 
lized servosystem can be read directly from the 
equations of the corresponding conventional system. 
Applications are made to a jet reaction control sys- 
tem, to an aerodynamic control system, andto any 
system with three degrees of freedom. 


OPTIMUM ROCKET TRAJECTORIES. B. D. 
Fried and J. M. Richardson. J. Appl. Phys., 
Aug., 1956, pp. 955-961. General considerations 
leading to the derivation of equations for the opti- 
mum attitude angle for both constant and Kepler 
force fields, the results of which provide a conven- .- 
ient means of estimating an upper limit for the 
achievable range of a given missile. Results of 
analyses, which are exact for a constant gravita- 
tional field (if aerodynamic forces and altitude de- 
pendence are neglected), indicate that the maxi- 
mum range is achieved, under certain simplifying 
assumptions, if the thrust attitude angle is held 
constant during the entire powered flight, andthat 
constant thrust attitude is a good approximation to 
the optimum program for motion in the earth's in- 
verse square, central force field, provided the 
distance covered during powered flight is small 
compared to the radius of the earth. 


NUCLEAR ENERGY 


THE USE OF NUCLEAR RADIATION IN COM- 
BUSTION RESEARCH. M. E. Gluckstein, R. B. 
Morrison, and J. V. Nehemias. Jet Propulsion, 
Aug., 1956, pp. 637-643. Analysis of the interac- 
tion of nuclear radiation with fuel-oxidant system 
causing increased rates of chemical reaction. The 
discussion includes design criteria, problems of 
handling radioactive materials, and possible appli- 
cations of these radioactive materials. Based on 
simple models, the analysis shows that the reaction 
rate should be dependent upon the energy and activ- 
ity of the radiation source. Only beta and alpha 
emitters are considered, since, for gas phase 
reactions or for reactors of relatively small size, 
they are the more efficient sources. 


PHYSICS 


THE STRENGTHS, WIDTHS, AND SHAPES OF 
INFRARED LINES. I - GENERAL CONSIDERA- 
TIONS. II - THE HCl FUNDAMENTAL. W. S. 
Benedict, Robert Herman, G. E. Moore, and 
Shirleigh Silverman. Can. J. Phys., Aug., 1956, 
pp. 830-875. 48 refs. USAF-ONR-s5upportedanal- 
ysis of methods for deriving the strengths, widths 
and shapes of spectral lines from measurements 
obtained with spectrometers having resolving pow- 
er sufficient for separating individual spectral 
lines but insufficient for portraying the true con- 
tour line accurately. Detailed application ofthese 
methods to the vibration-rotation lines of the 1-0 
bands of HC135 and HC137 observed at 300° K. is 
outlined. The Lorentz shape for collision-broad- 
ened lines is taken as a first approximation to the 
true line shape, and numerous corrections are in- 
cluded which arise from instrumental defects, 
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overlapping of the individual lines, and deviations 

from the Lorentz shape, and which should be taken 
into account in interpreting experimental data. The 
variation of the line strengths with rotational quan- 


tum numbers, obtained experimentally, is compared 


with theory to yield a value of the ratio of perma- 
nent electric dipole moment to the product of the 

effective charge and the equilibrium internuclear 

distance of +0.988+0. 022. 


DIFFRACTION BY A WIDE SLIT. 
and A. Russek. J. Appl. Phys., Aug., 1956, pp. 
886-894. ll refs. USAF-sponsored theoretical in- 
vestigation of the problem of diffraction of scalar 
waves by an infinite conducting plane with a slit. 
Approximate expressions for the near and far fields, 
taking into account the interaction between the 
edges, are derived in terms of the well-known so- 
lutions for the fields produced when an isolated con- 
ducting half-plane is excited by (a) a plane waveand 
(b) a line source. Includes numerical examples for 
the case of a plane wave normally incident on the 
slit. 


S. N. Karp 


POWER PLANTS 


Jet & Turbine 


TURBOJET CYCLE ANALYSIS: THE EFFECTS 
OF LIQUID INJECTION AT SEVERAL POINTS IN 
THE CYCLE. Appendix A---DERIVATION OF 
EQUATIONS. E. P. Cockshutt. Canada, NAE 
LR 164, Apr., 1956. 28 pp. Calculation of the 
effects for liquid injection both upstream and down- 
stream of the turbine. The responses of the peak 
cycle temperature, engine fuel flow, tailpipe pres- 
sure, gross thrust and turbine pressure ratio are 
given for a range of liquid latent heats and gas 
Mach Numbers. The equations derived include 
working equations for pre-turbine and tailpipe 
injection, and relations between engine fuel flow 
and peak cycle temperature, and between engine 
thrust and tailpipe pressure. Results of analysis 
indicate that pre-turbine injection, unlike tailpipe 
injection, automatically requires that the engine be 
overheated when operating with a fixed propelling 
nozzle. Applicable to performance analysis of a 
reheated turbojet engine in which pre-turbine injec- 


tion of the reheat fuel offers the advantage of cooling 


the turbine rotor blades by the impinging fuel. 


A METHOD OF CORRECTION OF COMPRESSOR 
CHARACTERISTICS FOR CHANGE OF WORKING 
FLUID SPECIFIC HEAT. S. J. Moyes. Gt. Brit., 
NGTE Memo. M.276, July, 1956. 13 pp. Develop- 
ment of a method based on aerodynamic relation- 
ships for determining the effect of changes in spe- 
cific heat on axial-flow compressor characteristics. 
Method is limited to cases where Mach Number ef- 
fects in the compressor are not present or are 
small, and may be extended to cover working fluid 
properties other than specific heat. The basic as- 
sumption of the method is that the work input per 
unit mass flow depends only on blade velocities and 
the angles through which the working fluid is con- 
strained to flow, and that the polytropic efficiency 
depends only on the latter. On this basis the over- 
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all performance for a new value of the working- 
fluid specific heat may be determined from that 
obtained with a former value by the linking of congj. 
tions having the same flow angles. 


TURBINES DE SERVITUDES POUR L'ENTRAJ. 
NEMENT D'ACCESSOIRES. Y. Conan. Tech, et 
Sci. Aéronautiques, No. 3, 1956, pp. 140-146. Ih 
French. Analysis of a pneumatic auxiliary sys- 
tem in which compressed air is obtained from the 
main power plant compressor. Derivation of for- 
mulas suggesting that the relationship between the 
specific air temperatures stays constant and equal 
to 1,4 and that the specific heat at constant pres- 
sure does not vary. Includes listing of main tur- 
bine manufacturers in USA, France, and Great 
Britain. 


Ram-Jet & Pulse-Jet 


LA REPRESENTATION GRAPHIQUE DES PHE- 
NOMENES SE PRESENTANT DANS LES CHAM- 
BRES DE COMBUSTION ET STATOREACTEURS. 
Otto Lutz. Tech. et Sci. Aéronautiques, No. 3, 
1956, pp. 105-112. In French. Graphical presenta- 
tion of phenomena encountered in combustion cham- 
bers and in ram-jets. The normalization of the 
diagram p, w, following the total energy, permits 
not only a simple extension for the state variation 
within cylindrical combustion chambers, butalso 
methods of deformation, which can be used for de- 
termining the drop in the dynamic pressure of gases 
during a heat addition, or with shock waves. The 
diagram shows clearly the critical state during a 
heat addition, the coefficient of thrust, and the total 
efficiency, as well as the possible limiting state. 
The flight Mach Number M,,9) is registered by the 
final representation, and thus permits the direct 
use of the diagram for an in-flight study. 


Rocket 


COMBUSTION PROCESSES IN LIQUID PROPEL- 
LANT ROCKET MOTORS (Third Quarterly Progress 
Report for the Period 1 March 1956 to 31 May 1956). 
I. E. Smith, and I. Glassman. Princeton U. Dept. 
Aero. Eng. Rep. 334-c, June 29, 1956. 12 pp. 
Experimental investigation, using a specially de- 
signed apparatus, to determine the effect of tem- 
perature, pressure, and relative particle velocity 
on the ignition delay time and rate of energy release. 
Includes a description of the apparatus, which uses 
a heated, inert material (N2) as the carrier gas. 
An oil burner heats a packed ceramic bed toa de- 
sired temperature, and the nitrogen is then metered 
through and around the bed so that a wide range of 
gas temperatures may be obtained at the entrance 
to the test section. For the initial work, gaseous 
monopropellant is injected into the gas flowing in 
the test section from a simple boiler, and the de- 
composition reaction follows. Wall thermocouples 
in the test duct at six-inch intervals correct any 
gas temperature thermocouple within for radiation 
losses. Results of test runs injecting ethylene ox- 
ide into an inert stream with the probe manually 
traversed, are qualitative, and indicate that the 
course of the decomposition reaction can be followed 


satis 
the d 
in the 
corre 
trica 
limin 
heat 
lined 
MO 
and 
D.14 
ous 
ter 
com 
desi 
airc 
syst 
ping 
com 
15% 
dica 
usi 
out 
REI 
AUS 
STR 
ME 
195¢ 
side 
type 
use 
dis« 
TH 
Sep 
of 
me 
on 
me 
ten 
IN 
fo 
Ex 
ar 
an 
er 
T 
ro 
flo 
ve 
sic 
to 


of gases 
The 
ing a 
he total 
tate. 
by the 


.OPEL- 
progress 
r 1956). 
Dept. 
Pp. 

y de- 
tem- 
locity 
release. 
sh uses 
gas. 

a de- 
netered 
nge of 
rance 
geous 
ng in 

e de- 
ouples 
any 
liation 


followed 


INTERNATIONAL AERONAUTICAL ABSTRACTS 143 


satisfactorily by this method, but that the cooling of 
the duct walls during the run causes an uncertainty 
in the true gas temperature condition, which canbe 
corrected by heating the duct by means of anelec- 
trical winding with variable current supply. Pre- 
liminary work on the design of the slave motor and 
heat exchanger of a high pressure apparatus is out- 
lined. 


SOME TESTS OF INJECTORS FOR ROCKET 
MOTORS USING LIQUID OXYGEN. J. Humphries 
and W. H. J. Riedel. Gt. Brit., RAE TN R.P. 
p.140, Feb., 1956. 25 pp. Comparison of vari- 
ous injection systems on a 900 lb. thrust scale, in 
terms of economy of propellant consumption andof 
component manufacturing ease, as a step in the 
design of a 4000 lb. thrust liquid oxygen/kerosene 
aircraft rocket motor with variable thrust. The 
systems, which include the V2 design, the nonim- 
pinging, and the peripheral slit types, are further 
compared with the similar systems operating with 
75% ethyl alcohol/water fuel mixture. Results in- 
dicate that the shower and peripheral-slit types 
using kerosene as fuel operate satisfactorily with- 
out burning out. 


PRODUCTION 


Metalworking 


SYNTHETIC-RESIN BONDING; THE USE OF 
REDUX AND ARALDITE ADHESIVES IN THE 
AUSTRALIAN JINDIVIK AIRCRAFT. I---CON- 
STRUCTIONS; BONDING TECHNIQUE; TOOLING 
METHODS. G. D. Bennett. Aircraft Prod., Aug., 
1956, pp. 300-305. Discussion of the design con- 
siderations affecting the type of structure and the 
type of adhesive chosen. Heat treatment and the 
use of silicone rubber for vacuum blankets are also 
discussed. 


LARGE FORGINGS; SOME OBSERVATIONS ON 
THEIR MANUFACTURE IN HIGH-STRENGTH ALU- 
MINIUM-ALLOYS. C. Wilson. Aircraft Prod., 
Sept., 1956, pp. 374-382. Detailed consideration 
of heat treatment and an outline of manufacturing 
methods, in order to draw attention to the effects 
on reliabilitity and consistency of the heat-treat- 
ment process in developing an internal stress sys- 
tem. Rules are given for overcoming these effects. 


ROTATING WING AIRCRAFT 


THE AERODYNAMICS OF THE HELICOPTER 
IN FORWARD FLIGHT. E. N. Brailsford. J._ 
RAeS, Aug., 1956, pp. 523-542. 16 refs. Solution 
for aerodynamic derivatives using the strip theory. 


Expressions for the determination of the rotor attitude 


are derived for obtaining a solution of the perform- 
ance equation. A refined version of the Glauert en- 
ergy solution is used for performance estimation. 
This version gives the numerical solutions for the 
rotor attitude relative to horizontal and incident 
flow, and is used for obtaining the components of 
velocity relative to the disc-plane. The effect of 
side tilt on the main rotor required to balance the 
torque reaction force is also considered. The lo- 


cal velocities at the rotor tip are resolved, using 
the previously computed vectors, and, finally, the 
elementary lift and drag equations are developed, 
taking into account the effects of sweep. 


A STUDY FOR OPTIMUM CONDITION OF GY- 
RODYNE TYPE ROTARY WING. Masato Hirotsu. 
J. Japan Soc. Aero. Eng., July, 1956, pp. 168-175. 
Analysis for determining the optimum condition in 
which a gyrodyne can fly faster than a helicopter 
or autogiro. As a reference flying state between 
extreme conditions, the inflow rate (A) and the 
rotor angle of attack (~) are taken as zero. The 
optimum condition is treated as A+a@,20 forthe 
stall of retarding blade. This condition is deduced 
for blades without twist, and it is the condition in 
which the section angles of attack become constant 
at WY =270° and 90°. 


STATIC-THRUST MEASUREMENTS OF THE 
AERODYNAMIC LOADING ON A HELICOPTER 
ROTOR BLADE. J. P. Rabbott, Jr. US, NACA 
TN 3688, July, 1956. 22 pp. Experimental inves- 
tigation to obtain the chordwise pressure distri- 
butions at five spanwise stations on a 15-ft.-diam- 
eter helicopter rotor blade in static thrust for a 
tip speed range of 400 to 500 ft./sec. and disc loads 
of zero to about 2.5 lbs./ft.*, and to compare the 
measured spanwise loading with a simple theoreti- 
cal loading modified by an approximate correction 
for a finite number of blades. Results indicate 
that, while the chordwise pressure distributions 
are, in general, conventional in shape, the loading 
near the trailing edge of the outboard portion ofthe 
rotor is lower than expected from theory or from 
a comparison of the loading at the inboard stations. 
This lower loading is possibly due to a spanwise 
boundary-layer growth adding to the reduction of 
the total load expected from tip-loss considerations. 
The spanwise loading increases smoothly from the 
root toward the tip, with peak loads occurring at 
90 to 95% radius and being farther inboard at the 
higher thrust coefficients, indicating a greater tip 
loss at these points. 


STRUCTURES 


THE RELATIONSHIP BETWEEN LOAD SPEC- 
TRA AND FATIGUE LIFE. Bo Lundberg and Sigge 
Eggwertz. Sweden, Flygtekniska FSrsdksanstalten, 
FFA Medd. 67, 1956. 32 pp. 24 refs. Develop- 
ment of methods to correlate or evaluate fatigue 
life times using the cumulative damage theory or 
program testing. A preliminary investigation on 
accelerations of fighter planes and transports 
shows that the load spectra for both types do not 
represent widely differing load conditions with re- 
spect to fatigue, and that both can be approximated 
by a straight line in a semi-log plot. The impor- 
tant parameter of a straight line spectra is the 
slope; by using the cumulative damage theory the 
influence of this slope on the damage intensity 
curve and fatigue life of the element is investigated. 
Results show the possibility of standardizing the 
load spectra for program tests in the form of 
straight lines on semi-log paper. With such stand- 
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ardization the results of program testing can be 
characterized as properties of materials or com- 
ponents of about the same basic nature as the S-N 
properties. 


Beams & Columns 


FATIGUE-CRACK PROPAGATION IN ALUMI- 
NUM-ALLOY BOX BEAMS. H. F. Hardrath, H. 
A. Leybold, C. B. Landers and L. W. Hauschild. 
US, NACA TN 3856, Aug., 1956. 33 pp. Experi- 
mental investigation of 18 box beams constructed 
according to four designs - two with stiffeners riv- 
eted to the cover, one with stiffeners bonded to the 
cover, and one with an integrally stiffened cover 
machined from a plate. Two or more specimens 
of each design are built from each of the aluminum 
alloys 2024-T3 and 7075-T6. Results indicate a 
more rapid crack-propagation rate in specimens 
made of the 7075-T6 material than in equivalent 
specimens of 2024-T3 tested at the same nominal 
stress; lower crack-growth rate in the specimens 
with bonded stringers than in the other specimens; 
and the most rapid crack-propagation rate in speci- 
mens with integrally stiffened covers. Data is dis- 
cussed with the aid of stress-survey data obtained 
during the tests. 


Cylinders & Shells 


CIENKOSCIENNA POWLOKA TOROIDALNA 
OBCIAZONA ROWNOMIERNYM CISNIENIEM. 
Aleksander Kornecki. Rozprawy Inzynierskie 
(Warsaw), No. 1, 1956, pp. 119-172. 19 refs. In 
Polish. Method for the approximate computation 
of stress and strain components in a thin-walled 
toroidal elastic shell of circular cross-section, lim- 
ited by two parallels and loaded with uniform pres- 
sure. The problem is reduced to the determination 
of a complex function satisfying the differential equa- 
tion derived by means of the Novozhilov's complex 
stress method. The particular solution of the non- 
homogeneous problem is expressed in closed form 
by means of Bessel functions. The exactness of 
this method increases with decreasing wall thickness. 


STATECZNOSC POWZLOKI WALCOWEJ WZMOC- 
NIONEJ ZEBRAMI. W. Nowacki and Z. Olesiak. 
Rozprawy Inzynierskie (Warsaw), No. 1, 1956, pp. 
3-22. In Polish. Analysis of the buckling prob- 
lem of a cylindrical shell with longitudinal and 
transverse ribs using the differential equations of 
the Vlasov engineering theory of shells. The solu- 
tion is obtained by means of a double trigonometric 
series which leads to a double system of equations. 
By taking the determinant of the system set equal 
to zero, the solution to the buckling condition is ob- 
tained. Some examples are presented. For ashell 
built in at one to four edges, an approximate solu- 
tion is obtained. More particular problems inves- 
tigated include a shell with one or two transverse 
ribs only, and a shell with one longitudinal rib. In 
these problems discussed are shells with a uniform- 
ly distributed load (q) or loaded by forces on the 
ribs (S). Solutions are also presented for the case 
of a shell reinforced with a dense net of ribs either 
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longitudinal or transverse, anda shell with a dense 
net of ribs plus one particularly rigid rib. 


Elasticity & Plasticity 


CREEP RELAXATION FOR COMBINED 
STRESSES. J. E. Griffith and Joseph Marin. 
J. Mech. & Phys. Solids, Aug., 1956, pp. 283-293, 
12 refs. Development of a theory for predicting 
stress relaxation-time relations for creep in the 
case of combined stresses based on an assumed 
constant stress-creep-time relation. Relations 
are developed for three different cases, and accu- 
racy of the predictions are checked experimentally 
by conducting some creep relaxation tests on thin 
walled circular tubes subjected to combined axial 
tension and torsion. The material tested is alumi- 
num alloy 3S-0, and the results indicate approxi- 
mate agreement between the theory proposed and 
the tests. 


COMPRESSIVE AND TORSIONAL BUCKLING 
OF THIN-WALL CYLINDERS IN YIELD REGION. 
Appendix A - PLASTICITY CONSIDERATIONS. 
Appendix B - EQUILIBRIUM CONSIDERATIONS; 
ELASTIC BUCKLING. Appendix C - AXIAL COM- 
PRESSIVE BUCKLING OF A LONG CYLINDER. 
Appendix D - TORSIONAL BUCKLING OF A LONG 
CYLINDER. George Gerard. US, NACA TN 3726, 
Aug., 1956. 42 pp. 22 refs. Theoretical and 
experimental investigation,with analysis using de- 
formation stress-strain relations and a no-strain- 
reversal buckling model to derive a general set of 
equilibrium differential equations for plastic buck- 
ling of circular cylinders andthe plasticity-reduc- 
tion factors for inelastic buckling of long cylinders 
under compressive or torsional loadings. 


SPREZYSTO-PLASTYCZNA GRUBOSCIENNA 
POWLOKA KULISTA Z MATERIALU NIEJEDNO- 
RODNEGO, PODDANA DZIALANIU CISNIENIA 
WEWNETRZNEGO I ZEWNETRZNEGO. W. Olszak 
and W. Urbanowski. Rozprawy Inzynierskie (War- 
saw), No. 1, 1956, pp. 23-41. In Polish. Study of 
thick-walled elasto-plastic spherical shells ofnon- 
homogeneous material, subjected to internal and 
external pressure. Analysis to determine the val- 
ue of the pressure difference corresponding to the 
first plastic deformations at the internal surface of 
the shell, and the value corresponding to the plas- 
tification of the whole shell. 


OB URAVNENIIAKH PLASTICHESKOGO TECHE- 
NIIA V POGRANICHNOM SLOE. V.V. Sokolovskii, 
Prikl. Mat. i Mekh., May-June, 1956, pp. 328-334. 
In Russian. Study of plastic flow in the immedi- 
ate vicinity of the boundary curve, along which the 
contacting tension equals the flow limit. Ina cer- 
tain narrow boundary it has specific characteristics 
which are investigated in curvilinear coordinates 
corresponding to the shape of the boundary curve. 


ON THE PROBLEM OF UNIQUENESS IN THE 
THEORY OF A RIGID-PLASTIC SOLID. R.Hil. 
J. Mech. & Phys. Solids, Aug., 1956, pp. 247-255. 
Theoretical analysis of a rigid-plastic system. 
The yield point of such a system is defined by spec- 
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ifying the velocity over a part of the surface (Sy), 
and the traction over the remainder of the surface 
(S¢)- These boundary conditions determine unique- 
ly the state of stress ina certain part of the plastic 
zone but not usually the instantaneous mode of de- 
formation. This is specified by the traction-rate 
over S;, which is sufficient to define the mode 
uniquely within certain continuity restrictions when 
the material work-hardens and when changes in 
geometry are negligible. The appropriate mode 

in a nonhardening solid is obtained by a limiting 
process in which the rate of hardening is made 
vanishingly small. 


Plates 


INEQUALITIES FOR EIGENVALUES OF SUP- 
PORTED AND FREE PLATES. L. E. Payne. 
U. Md. Inst. Fluid Dynamics & Appl. Math. TN 
BN 75 (AFOSR TN 56-281), June, 1956. 25 pp. 
15 refs. Derivation of certain isoperimetric ine- 
qualities for the eigenvalues in the classical vibra- 
tion and buckling problems in supported and free 
plates. These inequalities involve the geometry of 
the plate and the eigenvalues of membranes having 
the same shape as the plate. It is shown thatifthe 
boundary is convex the eigenvalues of the supported 
plate are never greater than the corresponding 
eigenvalues of the fixed membrane of the same 
shape. 


Testing 


INVESTIGATIONS INTO A PHOTOELASTIC 
METHOD FOR DIRECT MEASUREMENT OF SUR- 
FACE STRAINS IN METAL COMPONENTS. J. R. 
Linge. Coll. of Aeronautics, Cranfield, Rep. 97, 
Feb., 1956. 55 pp. 37 refs. Includes description 
of the technique which consists of an examination 
of surface strains with optically sensitive materi- 
als bonded to the component and of an analysis of 
the photoelastic pattern produced under load by 
means of polarized light reflected from the surface 
of the metal. Consideration is given to the funda- 
mental problem of producing good adhesion between 
the photoelastic material and the metal surface, 
coupled with light reflection from this surface. Re- 
sults of measurement of both elastic and plastic 
stress concentrations at holes in plates subjected 
to uniform tension are presented together with a 
qualitative analysis of the effect on stress distribu- 
tion of the variation of the pin-to-hole clearance in 
lugs. 


Thermal Stress 


FUNDAMENTAL PRINCIPLES AND THEOREMS 
OF THERMO-ELASTICITY. W.S. Hemp. Aero. 
Quart., Aug., 1956, pp. 184-192. Outline of foun- 
dations of thermo-elasticity and derivation of gen- 
eralizations of the usual variational theorems used 
in structural analysis. The deformation, stress, 
and temperature distribution are calculated as 
functions of time. The heat conduction in the body 
is analyzed in order to determine the temperature 
distribution. Once the temperature distribution is 
known, the stress and deformation are found by gen- 


eralization of the stationary potential energy theo- 
rem and of the Castigliano theorem of stationary 
strain energy. 


O POZIOMYM ODDZIALYWANIU SPREZYS- 
TEGO PODLOZA NA PLYTY PODDANE DZIAZA - 
NIU ZMIAN TEMPERATURY. Zygmunt Thrun. 
Rozprawy Inzynierskie (Warsaw), No. 1, 1956, pp. 
87-97. In Polish. Derivation, fora plate resting 
on an elastic foundation,of differential equations 
for deflection, bending and twisting moments, and 
shear and normal forces, taking into account tem- 
perature changes within the plate and the horizontal 
reaction of the elastic foundation. 


ODKSZTALCENIA I NAPREZENIA TERMICZNE 
W PLYTACH NA SPREZYSTYM PODELOZU. Zyg- 
munt Thrun. Rozprawy Inzynierskie (Warsaw), No. 
1, 1956, pp. 71-86. In Polish. Application of the 
method of finite differences to the determination of 
thermal stresses and strains in plates. It is as- 
sumed that the temperature difference between the 
upper and the lower layer of the plate is constant 
for the whole area of the plate. The differential 
formulas obtained for deflections, bending mo- 
ments, and shearing forces refer to rectangular 
plates arbitrarily supported and to circular plates 
on circularly symmetric supports. Two examples 
are given to illustrate the computational procedure. 


Weight Analysis & Control 


NONLINEAR MINIMUM-WEIGHT DESIGN OF 
PLANAR STRUCTURES. L. G. Vargo. J. Aero. 
Sci., Oct., 1956, pp. 956-960. Development of a 
method for determining the minimum -weight, fully 
plastic moments of a planar structure subject toa 
set of concentrated loads. A general nonlinear re- 
lationship between fully plastic moments and areas 
of the series of sections available to the designer 
is included in the method. Solutions for a two-span 
beam and a rectangular bent under concentrated 
loads are presented, and comparison is made with 
the results of a linearity assumption. When geo- 
metrically similar sections are used, the linearity 
assumption results in up to a 15% weight penalty. 


THERMODYNAMICS 


OB USLOVIAKH VOZNIKNOVENIIA KONVEK- 
TSI V BINARNOISMESI. B. A. Vertheim. Prikl. 
Mat. i Mekh., Nov.-Dec., 1955, pp. 745-750. In 
Russian. Study of some convection phenomena 
occuring in binary mixtures. Derivation of equi- 
librium conditions for unevenly heated binary mix- 
tures and of equations of small turbulences. The 
problem of stationary convection in vertical cylin- 
ders is solved in closed form, taking into account 
Ostroumov's solution for a related problem consid- 
ering the ideal media. 


Heat Transfer 


HEAT TRANSFER FROM A ROTATING DISK. 
E. C. Cobb and O. A. Saunders. Proc. Royal 
Soc. (London); Ser. A, Aug. 2, 1956, pp. 343-351. 
ll refs. Experimental investigation for obtaining 
accurate measurements over a range of speeds giv- 
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ing purely laminar conditions at one extreme and 
turbulent conditions over most of the disc at the 
other extreme. Includes measurements of the vy 
locity and temperature profiles for both the lami- 
nar and turbulent conditions, and a discussion of 
the relation between heat transfer and friction 
torque. Experimental heat-transfer results agree 
with Wagner's theoretical conclusions for laminar 
flow, but Millsap's estimates are found to be too 
low. Results further indicate that heat transfer for 
the turbulent case approaches the expression N= 
0°015R° for all-turbulent flow. Measured velocity 
and temperature-profile values for laminar flow 
are in fair agreement with those theoretically ob- 
tained. For turbulent flow the temperature ratios 
are found to be higher than those of velocity. 


e- 


Thermodynamic Properties 


COMPRESSIBILITY FACTOR, DENSITY, SPE- 
CIFIC HEAT, ENTHALPY, ENTROPY, FREE-EN- 
ERGY FUNCTION, VISCOSITY, AND THERMAL 
CONDUCTIVITY OF STEAM. Lilla Fano, J. H. 
Hubbell, and C. W. Beckett. US, NACA TN 3273, 
Aug., 1956. 61 pp. 43 refs. Thermal properties 
of steam are given over the following ranges: com- 
pressibility factor and density from pressures of 
1 to 300 atmospheres; temperatures from 380° K., 
or just above condensation to 850° K.; viscosity and 
thermal conductivity as functions of pressure; and 
specific heat, enthalpy, entropy, and free energy 
function for pressures ranging from 1 to 100 atmos- 
pheres, and for temperatures up to 850° K. 


WIND TUNNELS & RESEARCH FACILITIES 


DESIGN OF AN AIR SUPPLY SYSTEM AND 
TEST SECTION FOR RESEARCH ON SCAVENGING 
SYSTEMS FOR PROPULSION WIND TUNNELS. 
Appendix A - TEST SECTION SIZING. Ap- 
pendix B - SUPERSONIC SECTION. Appendix 
C - DIFFUSER EJECTOR. Appendix D - AIR 
DRYING. J. G. Wilder, Kenneth Hindersinn, and 
Roger Weatherston. USAF WADC TR 56-6, May, 
1956. 56 pp. 16 refs. USAF-sponsored design of 
an air supply system suitable for driving superson- 
ic or transonic test sections of approximately 1 ft. 4 
area and of al0 in. x 14.4 in. supersonic and a 10 
in. x 12 in. transonic test sections. The system 
is constructed to allow maximum geometrical flex- 
ibility for research on wind-tunnel design and per- 
formance. The supersonic test section is adapted 
to experimental studies of scavenging systems and 
to research on diffuser efficiency and losses, inter- 
action of the scavenging system and diffuser, noz- 
zle characteristics and performance, and second 
throat configurations. The transonic test section 
is equipped with a sting support for mounting mod- 


as well as model pressure measuring equipment. 


COMPRESSORS FOR HIGH-SPEED WIND TUN- 
NELS. Appendix I - THE INFLUENCE OF PRE- 
ROTATION VANES ON THE TORSIONAL VIBRA- 
TION OF WIND TUNNEL FAN BLADES. Appendix 
Il - THE INFLUENCE OF PREROTATION VANES 
ON THE LATERAL VIBRATION OF WIND TUNNEL 
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FAN BLADES. A.A. Fejer and James Clark, 
NATO AGARDograph 14, Jan., 1956. 216 pp. lig 
refs. Analysis of compressor systems for wind 
tunnels designed for continuous operation. This ip. 
cludes aerodynamics of the tunnel circuit, taking 
into account their influence on the overall tunnel 
performance, a selection method to choose a com. 
pressor type, five methods to extend the range of 
drive systems, power requirements, and types of 
drives. Also includes starting and surge problems 
within a wind tunnel, mechanical design of com- 
pressors and their drives, vibration problems in 
the compressor and drive, and structural and aero. 
dynamic models used to furnish information on per. 
formance of components and one design feature for 
which there is not enough existing information. 


STUDIES ON WAKE VORTICES. I---EXPERI- 
MENTAL INVESTIGATION OF THE WAKE BEHIND 
CYLINDERS AND PLATES AT LOW REYNOLDS 
NUMBERS. Sadatoshi Taneda. Kyushu U., Rep, 
Res. Inst. Appl. Mech., Oct., 1955, pp. 29-40, 


10 refs. Photographic investigation over a Rey- 
nolds Number range of 0.1--2, 000 to determine the 
critical Reynolds Numbers at which (a) twin vor- 
tices appear at the rear of a circular cylinder and 
(b) at which oscillation of the vake behind such a 
cylinder begins; (c) to verify the solutions of 
Navier-Stokes equations even in the case of R = 40; 
(d) to observe the wake behind flat plates parallel 
to the direction of motion; and (e) to develop and 
apply a new method for clarifying the structure and 
nature of the von Karman vortex street. Clear 
streamlines are obtained for investigation (a) 
through the use of long photographic exposure. Re- 
sults of experiment (b), using the reflection of light 
from aluminum dust suspended in the water, indi- 
cate that the wake commences oscillation at about 
R = 30, and that the twin vortices are independent, 
at least directly, of the oscillation of the wake. 
The series of experiments (c) employs a model 
coated with condensed milk to permit clear obser- 
vation of the position of separation point and the 
structures of the twin vortices. Results of inves- 
tigation (d) indicate that, in the case of the flat 
plate, twin vortices do not appear, and those ob- 
tained through the use of the new experimental 
method (e) (a combination of the aluminum dustand 
condensed milk procedures), reveal that sometimes 
the von Karman vortex street is deformed in time 
and eventually disintegrates in pieces, the pieces 
reuniting after an interval to form a larger vortex 
street. At other times, it is noted, the primary 
vortex street develops into turbulent flow directly. 


LOADS ON A MODEL DURING STARTING AND 
STOPPING OF AN INTERMITTENT SUPERSONIC 
WIND TUNNEL. K. G. Winter and C. S. Brown. 
at. Brit., RAE TN Aero.2453, May, 1956. 17 pp. 
Measurements of loads at Mach Numbers 2.00 and 
2.48. Qualitative agreement is obtained with a 
simple shock compression theory at Mach Numbers 
up to 2.5, but results indicate a need for further 
measurements at higher Mach Numbers and for 
analysis using a model-loading coefficient in terms 
of tunnel stagnation pressure. 
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Illustration shows Bendix TMGLN system installed on the Curtiss-Wright J65W-4 Jet Engine 


Offers the first self-contained 
JET IGNITION SYSTEM 


This TMGLN jet ignition system has 

nm performance proven and is 
currently in production on Curtiss- 
Wright J65W-4 Engines for carrier 
based aircraft. 


Export Sales and Service: Bendix International Division, 
205 East 42nd St., New York 17, N. Y. 


Bendix* proudly announces the 
first self-contained jet engine igni- 
tion system. This system generates 
within itself the electrical energy 
required to fire the engine igniter 
plugs. This unique system, known 
as the TMGLN jet ignition system, 
employs a magneto type alternating 
current generator which allows the 
ignition system to operate inde- 
pendently of an outside source. 


Here is just another example of 
the ability and versatility of 


Canadian Representatives: Aviation Electric Ltd., 
200 Laurentien Bivd., St. Laurent, Montreal 9, Quebec 


FACTORY BRANCH OFFICES: 117 E. Providencia Avenue, Burbank, California ° 
Paterson Building, 18038 Mack 
Avenue, Detroit 24, Michigan ©* 5906 North Port Washington Road, Milwaukee 17, 
Wisconsin © Hulman Building, 120 West Second Street, Dayton 2, Ohio © 8401 
Cedar Springs Road, Dallas 19, Texas * Boeing Field, Seattle 8, Washington °¢ 


512 West Avenue, Jenkintown, Pennsylvania * 


1701 ‘‘K'’ Street, N. W., Washington 6, D. C. 


SCINTILLA 
DIVISION 


Bendix to come up with the best 
solution to any and all jet 
ignition problems. 


Whether your requirements call 
for the TMGLN self-contained sys- 
tem or the conventional battery 
energizing type of jet ignition, 
yowll do better with Bendix— 
The Most Trusted Name in 


Ignition. *TRADEMARK 


SCINTILLA DIVISION, 
BENDIX AVIATION CORPORATION 
SIDNEY, NEW YORK 


Gendir 


AVIATION CORPORATION 
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placed on the stress-strain constant time 
diagram, otherwise known as an isochro- 
nous stress-strain diagram. 

Constant Modulus Alloy for Elastic 
Elements. Marshall Ward. Prod. Eng., 
July, 1956, pp. 135-140. Discussion of 
Ni-Span C specimen, a hardenable, high- 
strength and heat-resistant nickel chro- 
mium alloy which maintains a constant 
elastic modulus over a temperature range 
from —50° to 150°F. Also covers physi- 
cal and mechanical properties, design 
stresses, and heat-treating time and 
temperature. 

Advances in Gas Turbine Materials. 
Julius J. Harwood. Aero. Dig., Aug., 
1956, pp. 20-27. Review of the search for 
materials capable of withstanding the 
high temperatures produced in gas tur- 
bines. 

Titanium Parts Made by Powder 
Metallurgy Methods. George J. Wile. 
Materials & Methods, July, 1956, pp. 
95-97. Application of powder metallurgy 
methods to production of jet-engine bear- 
ing housings. The preforms are made by 
hot-pressing titanium powder to maximum 
density and then press-forming it in two 
operations to final shape. 


Metals & Alloys, Nonferrous 


Contribution a 1’Etude des Phénoménes 
de Durcissement dans |’Alliage Alumi- 
nium-Cuivre a4% de Cuivre. René Graf. 
France, Min. de l Air PST 315, 195°. 
100 pp. 49 refs. SDIT, 2, Av. Porte- 
d'Issy, Paris 15, Frs. 1,100. In French. 
Summary of experimental results on the 
stiffness phenomenon in the alloying of 
aluminum/copper with 4 per cent copper 
inclusion. 

A Brief Study of Isothermal Changes in 
Duralumin. M. Tournaire and M. 
Renouard. (Tech. et Sci. Aéronautiques, 
No. 5, 1955, pp. 297-302). Gt. Brit. RAE 
Lib. Transl. 566, May, 1956. 12 pp. 
Determination of isothermal change curves 
showing the beginning and end of the 
change or changes produced at each 
temperature. 

Straight-Line Column Formulas for 
Aluminum Alloys. H. N. Hill and J. W. 
Clark. Alcoa ARL TP 12, 1955. 26 pp. 
15 refs. Description of a modified 
formula which removes the restriction that 
the straight line must be tangent to the 
Euler curve and makes it possible to take 
into account the shape of the stress-strain 
curve as well as the yield strength of the 
material. 

Powierzchniowa Obrébka Aluminium i 
Jego Stop6w. Karol Korner. Tech. 
Lotnicza, Jan.-Feb., 1956, pp. 18-22. 14 
refs. In Polish. Study of surface treat- 
ment of aluminum and its alloys. 

Study of Aluminum Deformation by 
Electron Microscopy. Appendix A— 
Mechanism of Deflection of an Extended 
Dislocation Into an Oblique Plane. A. P. 
Young, C. W. Melton, and C. M. 


Schwartz. U.S., NACA TN 3728, Aug., 
1956. 39 pp. 31 refs. Investigation of 


the slip-line structure in a series of alu- 
minum single crystals deformed in tension, 
including examination of the slip-line 
structure in several of the crystals after 
successive steps of elongation, in order to 
formulate a mechanism for  slip-band 
formation from the results of this and 
other investigations. 


Fatigue Tests on Specimens from 
Aluminium Alloy D.T.D.683 and B.S.L.40 
Extruded Angle Showing ‘‘Orange Peel’ 
Effects. M.S. Binning. Gt. Brit., RAE 
TN Met. 228, Sept., 1955. 11 pp. 
Results of fatigue test on aluminum angle 
sections which have been solution heat 
treated, stretch formed, and aged. 

Investigation of Plastic Behavior of 
Binary Aluminum Alloys by Internal- 
Friction Methods. R. E. Maringer, L. L. 
Marsh, and G. K. Manning. U.S., 
NACA TN 3681, June, 1956. 44pp. 26 
refs. Results of internal-friction tests 
indicating that nominal additions of 0.1, 
1.0, and 5.0 weight per cent copper and 
magnesium to aluminum have significant 
effects on damping behavior. Small addi- 
tions of copper raise the internal friction 
and lower the shear modulus above 200°C., 
and large additions of copper and magne- 
sium raise the shear modulus and lower the 
damping 

Study of the Fatigue Properties of Sheet 
Conforming to Specifications DTD.546B 
and DTD.646B which Has Been Cold 
Formed to Z Section. Gt. Brit. MOS 
S&T Memo. 18/55. 14 pp. 

The Age-Hardening of Aluminium- 
Magnesium Alloys. O. Dahl and K. 
Detert. (Z. fiir Metallkunde, No. 2, 
1955, pp. 94-99.) Gt. Brit., MOS 
TIB/T4594, Jan., 1956. 11 pp. Trans- 
lation. Study of the behavior of alloys in 
artificial aging; examination of structure, 
hardness, tensile strength, and elongation. 
Includes numerical evaluation of changes 
in resistance for the interpretation of the 
precipitation behavior. 

Mechanical Properties of R. C. 130A 
Sheet Titanium at Room and Elevated 
Temperatures. D. C. Hayward. Gt. 


Brit. RAE TN Met. 214, Nov., 1955. 
20 pp. Test results presented in graphical 
form of the Yourg modulus, tangent 


modulus, secant modulus, 0.1, 0.2, and 0.5 
per cent proof stresses for compression and 
tension at the following temperatures: 
room temperature, 200°C., and 400°C. 


Nonmetallic Materials 


The Glueing of Nylon Fabrics with 
Soluble Nylon. A. Baker and E. Miko- 
lajewski. Gt. Brit. RAE TN Chem. 1279, 
May, 1956. 12 pp. Evaluation, using 
lap-joint and peeling tests, of methoxy- 
methyl nylon as an adhesive for nylon 
fabrics. Includes description of an auto- 
graphic peeling tensiometer and analysis 
of the influence of the weave of the fabric 
on the nature of the peeling record. 

Epoxy-Base Adhesives in the Aircraft 
Industry. William Bandaruk. SPE J., 
Aug., 1956, pp. 20-28, 50. Discussion of 
the advantages of such adhesives over con- 
ventional fasteners and of their applica- 
tions 

Determination of Resin Content in 
Plastic Laminates. U.S., NBS Sum., 
TR 2007, July, 1956. 5pp. 

A Review of Plastics for Use in the Air- 


craft Industry. F. Fahy. Coll. of Aero- 
nautics, Cranfield, Note 43, Mar., 1956. 
19 pp. Survey of plastic materials used 


for wing tips, window frames, air ducting, 
experimental compressor rotor and stator 
blades, drop tanks, guided-missile wings, 
and other components. Description of 
physical and mechanical properties and 
of forming methods. 


19S6 


Recent Ideas in Plastics for Airey, 
Structures. J. E. Gordon. J RAs 
July, 1956, pp. 476-481. Discussion ,; 
plastic structures showing methods ,, 
improve strength properties 
characteristics found in mica, comm, 
salt, glass, and metal whiskers are appl. 
cable to plastics for increasing hg, 
strength. 

Les Silicones—Probléme Général; Leu 
Utilisation dans I’Industrie Moderne, 
Richard. Tech. et Sci A éronaution, 
No. 2, 1956, pp. 85-91. In Freng, 
Evaluation of general characteristics 
silicones and their potentialities in dam, 
ing, thermal and electric insulation, p, 
tective coatings, lubrication, and othe 
applications. 

O Niektérych Wtasnosciach i Zastog. 
waniu Silikonéw w Lotnictwie. 
Nowak. Tech. Lotnicza, Jan.-Feb., 19% 
pp. 5-7. In Polish. Evaluation of pro; 
erties and applications of 
aeronautics. 

Einige Ergebnisse der Anwendung fase. 
verstarkter Kunststoffe im Flugzeugbay, 
R. J. Schlieckelman, Jr. Luftfahrttechni; 
June 15, 1956, pp. 113-119. In Germa 
Analysis of the application of fiber 
stiffened plastics in aircraft structures 

The Polymerisation of Phosphonitrili 
Chlorides. I—The Nature of the Prob. 
lem. F.G.R.Gimblett. Gt. Brit., RAE 
TN Chem. 1274, Feb., 1956. 8 pp. 2 
refs. Review of the methods of prepar 
tion with details of the mechanical anj 
physical properties of polymers. Include 
a discussion of possible developments t 
meet high-temperature requirements 

Design Factors for Extruded Rubber, 
Thomas O. Mathues. Mach. Des., July 
12, 1956, pp. 126-130. Discussion of 
rubber compounds for extrusion and of the 
design of extruding dies, taking int 
account swelling of the compound as it 
leaves the extruder and the shrinkage dur. 
ing the curing period. 


Varioys 


Silicone 


Testing 


The Analytical Determination of Lith- 
ium. H. Groth and W. Savelsberg 
(Z. fir Anal. Chem., 1937, pp. 81-%4 
Gt. Brit., RAE Lib. Transl. 562, Jan, 
1956. 15 pp. Experimental investiga- 
tion and comparison of three current 
quantitative gravimetric methods for 
speed, accuracy, and suitability 

Diffusion Centrale des Rayons X par les 
Métaux. Jean Blin. France, Min. & 
Air PST 311, 1956. 97 pp. 44 tes 
SDIT, 2 Av. Porte- d'Issy, Paris 15, Frs 
1,100. In French. Study of the diffusion 
of X-rays by metallic crystals, in order to 
determine the distortions caused by the 
plastic deformation of crystals. Guinier 
results are taken into account 

The Investigation of Improved Methots 
of Ultrasonic Flaw Detection. D. 0 
Sproule and L. H. Wells. Gt. Brit., MOS 
S&T Memo. 19/55, 1955. 27 pp. Dis 
cussion of new techniques and equip: 
ment for more reliable flaw detection, 
including development of barium titanate 
probes, which give increased output and 
greater resolving power than is possible 
with quartz, and of variable angle probes 
to detect more complex flaws. 

Vibrating Reed Test for Pilastits 
Stephen Strella. ASTM Bul., May, 1956, 
pp. 47-49. Description of the vibrating 
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The first systematic and comprehen- 
sive discussion of all kinds of turbu- 
lent motion, and the first to provide 
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reed method and of a number of dynamic 
tests in which stress or strain is applied 
sinusoidally. Includes analysis of the 
data obtained through tests to provide 
valid dynamic moduli. Methods are 
applicable to the determination of both the 
real and imaginary components of the 
dynamic modulus. 

Méthode Empirique d’Essais de Résis- 
tance au Choc Thermique d’Ailettes en 
Chromal ; Comparaison entre les Méthodes 
Systématique et Empirique d’Essais de 
Résistance au Choc Thermique. S. Tac- 
vorian and A. Hivert. La Recherche 
Aéronautique, May-June, 1956, pp. 53-55. 
In French. Empirical method for testing 
the resistance of chromal flaps to thermal 
shock. Includes a comparison between 


the systematic and the empirical methods. 


«++ for fuel level control valves in inflight refueling 


and fuel transfer applications 


... for filters and strainers 
systems 


...or for drain valves engineered to individual fluid 


or application requirements 


The best testimonial to Koehler standards of 
engineering and manufacturing is the fact that 
Koehler products are components of practically 
every modern American airplane. Affiliation 
with The New Britain Machine Company has 
enabled Koehler to keep pace with this fast- 
growing industry. Your inquiry and prints will 
receive prompt attention. Koehler Aircraft 


Products Company, Dayton, Ohio. 


in fuel, water and oil 


KOEHLE 


Aircraft Products Company 
A subsidiary of The New Britain Machine Company 
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Neuere optische Verfahren zum Be- 
stimmen der Dicke diinnster Schichten, 
auch Korrosionsschichten. H. Schopper. 
Forschung Gebiete Ing., Ausg. A, No. 2. 
1956, pp. 56-62. 33 refs. In German. 
Evaluation of methods for measuring the 
thickness of very thin metal layers includ- 
ing corrosion layers. 


Mathematics 


New Methods for 
ary Value Problems. 
ZAMM, May-June, 1956, pp. 182-191. 
33 refs. ONR-supported analysis to 
derive a procedure for using a method of 
operators in generating sets of solutions of 
linear partial differential equations with 
two and, in some cases, three variables. 


Solving Bound- 
Stefan Bergman. 


Everyone relies 


on 
KOEHLER 


1956 


Boundedness and Periodicity of Sojy. 
tions of the Generalized Lienard Equation, 
W. R. Utz. Mo. U., MRG Rep 
6 (AFOSR TN 56-282), June, 1956. 9 
pp. 33 refs. 

Determination of Coefficients of (,. 
pacitance of Regions Bounded by Collinea, 
Slits and of Related Regions. Bernar 
Epstein. Quart. Appl. Math., July, 1956 
pp. 125-132. USAF-supported research 

On the Singularities of Legendre 
Expansions. Z. Nehari. Carnegie Ing. 
Tech. TR 9 (OSR TN 56-96), Feb., 1956, 
10 pp. Analysis stating that the Szegg 
theorem is a limiting case of a more 
general result concerned with the singular. 


ities of expansion of the type g(t) = > 
a= 
an pn (t), where ¢ is a complex variable. : 

Die technische Anwendung moderne, 
Korrelationsverfahren. W. Meyer- Epp. 
ler. VDI-Zeitschrift, May 1, 1956, pp. 
600-604. 21 refs. In German. Analy. 
sis of the application of the correlation 
process in the field of aerodynamic, 
acoustic, and electronic research 

On the Conformal Mapping of Multiply 
Connected Regions. J. L. Walsh. Har. 
vard U. Rep. (OSR TN 55-391), Oct, 
1955. 33 pp. 10 refs. Proof of the 
theorem that an arbitrary plane region 
bounded by a finite number of mutually 
disjointed Jordan curves can be mapped 
one-to-one and conformally onto a plane 
region bounded by two level loci of a fune. 
tion which is the product of linear factors 
with exponents (positive and negative) 
not necessarily rational. 

Properties of Contours. Lamberto 
Cesari. Purdue U., Dept. Math., TN1 
(AFOSR TN 56-20), Dec., 1955. 42 pp. 
14 refs. Includes discussion of the con- 
cept of continuum m of the boundary of an 
open set. These continua m have the 
same role of the arcs of the boundary ofa 
Jordan region and are put in connection 
with the well-known concepts of prime 
end and of left and right wing of a prime 
end. Also includes known results con- 
cerning the principal points of a prime 
end. 

A Process of Retraction. Lamberto 
Cesari. Purdue U., Dept. Math., TN1 
(AFOSR TN 56-19), Dec., 1955. 14 pp. 
11 refs. Derivation of a new concept of 
retraction for continuous mappings S=(T7, 
A) from a finitely connected Jordan 
region A = J. 

On the Number of Singular Points, 
Located on the Unit Circle, of Certain 
Functions Represented by C-Fractions. 
Vikramaditya Singh and W. J. Thron. 
Pacific J. Math., Mar., 1956, pp. 135-148. 
USAF-sponsored study. 

On the Efficiency of Certain Tests for 
2 X2Tables. John H. MacKay. N.C 
U. Inst. Statistics, MS 146 (AFOSR TN 
56-192), Apr., 1956. 124 pp. 15 refs. 
Investigation to determine the best 
means of analyzing the results of am 
experiment, set up asa 2 X 2 contingency 
table with one set of marginal totals 
variable. Two tests are proposed for the 
case of two samples of equal size from two 
binomial populations with the loss fume 
tion symmetrical. 

On Renewal Theory, Counter Problems, 
and Quasi-Poisson Processes. Walter L. 
Smith. N.C. U. Inst. Statistics, MS 1# 
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CYLINDER 
ASSEMBLY 


RUDDER 


POWER CONTROL 
SERVO VALVE 


RAM AIR CYLINDER 
2 HORIZONTAL TAIL 
POWER CONTROL 
CYLINDERS 


World's Fastest Navy Fighter 
Proudly wears 
controls 


Nine Sargent quality units have been selected to 
provide Chance Vought’s F8U-1 Crusader with instan- 
taneous, positive, feathertouch response. 


These units, Sargent fabricated to Vought specifications, 
provide a system for control for the safe, positive, 
efficient operation of this great fighter. 


The experience of more than 36 years of 
design and manufacture of precision equipment 
systems has given Sargent Engineering Corporation 
the ‘“‘know-how”’ to aid in solving the essential and 
advance problems of force control. Leading airframe 
and missile manufacturers are using hundreds of 
different Sargent hydraulic, mechanical, pneumatic, 
electrical and electronic force control units on the 
nation’s military planes, commercial planes and missiles. 


Sargent places its facilities of design and manu- 
facture at your disposal. We invite you to send your 
specifications for the Sargent proposal of your 
force control problems. 


Since 1920 


ENGINEERING CORPORATION 


2533 EAST 56th STREET 
HUNTINGTON PARK, CALIFORNIA 
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(AFOSR TN 56-191), Jan., 1956. 31 
pp. 18 refs. 

Enclosed Quantum Mechanical Sys- 
tems. T. E. Hull and R. S. Julius. U. 
Brit. Columbia, Dept. Math., AFOSR TN 
56-209, May, 1956. 10 pp. 11 refs. 
Development of a method leading to a 
general asymptotic formula for the 
eigenvalue problems. 

The General Linear Parabolic Equation 
in Two Variables. Robert H. Cameron. 
U. Minn. TR 2 (AFOSR TN 56-67), 
Jan. 31, 1956. 3 pp. Transformation 
into the generalized heat-flow equation of 
the general linear parabolic equation. 

A Method for the Numerical Evaluation 
of an Integral. Appendix—Derivation 
of Integration Formula. T. Nonweiler. 
Coll. of Aeronautics, Cranfield, Rep. 100, 
Mar., 1956. 24 pp. 

On Restricted Infrapolynomial. I— 
Existence and Properties of k-Fold 
Restricted InfrapolynomiaJs of Arbitrary 
Degree n (= k + 1), and Their Structure 
for n = k + 1. I—Infrapolynomials 
with prescribed Center of Gravity of the 
Zeros. M. Fekete and J. L. Walsh. Har- 
vard U. Rep. (OSR TN 56-263), June, 
1956. 26 pp. 

On the Numerical Solution of Hyper- 
bolic Systems of Partial Differential 
Equations with Two Characteristic Direc- 
tions. W. C. Carter and G. L. Spencer, 
Il. U.S. Army Bal. Res. Lab., Aberdeen, 
Rep. 813, May, 1952. 47 pp. 

Solutii Asimptotic Aproape Periodice ale 
Ecuatiilor Diferentiale Neliniare de Ordi- 
nul al Doilea. C. Corduneanu. Stud. 
Cerc. Stiint., July-Dec., 1955, pp. 1-4. 
In Rumanian. Quasi-periodic asymp- 
totic solutions of nonlinear differential 
equations of second order. 

On the Stability of Solutions of Certain 
Differential Equations of the Fourth 
Order. M. L. Cartwright. Quart. J. 
Mech. & Appl. Math., June, 1956, pp. 
185-194. Generalization of the Routh- 
Hurwitz criteria by using the Lyapunov 
function 5 and a method similar to Bar- 
basin’s and Simanov’s procedure for 
third-order equations. 

On Stability Questions for Pendu- 
lum Type Equations. George Seifert. 
ZA MP, May 5, 1956, pp. 238-247. OSR- 
supported analysis. 

On the Numerical Integration of Quasi- 
Linear Parabolic Differential Equations. 
Jim Douglas, Jr. Pacific J. Math., Mar., 
1956, ‘pp. 35-42. 10 refs. Method to 
show the convergence of previously pro- 
posed schemes for the numerical integra- 
tion of a partial differential equation of 
the heat-conduction type. 

Oscillation Criteria for Second-Order 
Linear Differential Equations. Z. Nehari. 
Carnegie Inst. Tech., Dept. Math., TR 12 
(AFOSR TN 56-262), July, 1956. 26 pp. 
12 refs. Development of more general 
oscillation criteria which contains Hille’s 
criteria as special cases. 

Uniqueness Theory for Asymptotic 
Expansions in General Regions. Philip 
Davis. U.S.,, NBS 4638 (AFOSR TN 
56-111) Jan., 1956. 16 pp. Solution of 
the Watson problem, in which the 
uniqueness classes may be produced by 
sufficiently restricting the growth of the 
sequence, using the Carleman method of 
introducing any appropriate minimum 


problem with the technique afforded by 
the theory of conformal kernel functions. 
Note on a Maximum Principle and a 
Uniqueness Theorem for an _ Elliptic- 
Hyperbolic Equation. Cathleen S. Mora- 
wetz. Proc. Royal Soc. (London), Ser. A, 
July 10, 1956, pp. 141-144. Derivation 
of a maximum principle for a function 
related to the solution of an elliptic- 
hyperbolic equation and the formulation 
of a uniqueness theorem for the Frankl 
boundary-value problem which is con- 
cerned with continuous transonic flow. 


Meteorology 


Humidity Step-Function Generator. 
U.S., NBS Sum. TR 2021, June, 1956. 
4 pp. Description of the design and con- 
struction of a simple apparatus for pro- 
ducing sudden changes in relative humid- 
ity at room temperatures. The genera- 
tor is applicable for measuring the 
response speed of meteorological hygrom- 
eter elements at sudden humidity 
changes from one fixed value to another 
and for the accelerated aging of hygrom- 
eter elements by rapid humidity cycling. 

An Investigation of Vertical-Wind- 
Shear Intensities from Balloon Soundings 
for Application to Airplane- and Missile- 
Response Problems. Appendix—Effect 
of Measurement Errors on Wind-Shear 
Calculations. H. B. Tolefson. 
NACA TN 3732, July, 1956. 33 pp 
10 refs. 

Discharge of Corona Current from 
Points on Aircraft or on the Ground. 
Appendix A—Space Charge Relations for 
Spherical, Planar, and Cylindrical Sym- 
metry. Appendix B—Equations for the 
Cylinder of Space Charge. Appendix 
C—tThe Equations of the Paraboloid of 
Space Charge. Appendix D—Dimen- 
sional Analysis Applied to the Corona 
Discharge Problem. Appendix E—Other 
Configurations for Corona Discharge. 
Appendix F. Seville Chapman. Cornell 
Aero. Lab. Rep. CAL 66, May, 1956. 
80 pp. Analysis of a zero-charge instru- 
mentation system which senses the elec- 
trostatic charge on an aircraft and uses 
this information to control a high-voltage 
corona discharge point behind the tail of 
the aircraft 

Measurements of Atmospheric Turbu- 
lence Over a Wide Range of Wavelength 
for one Meteorological Condition. 
Harold L. Crane and Robert G. Chilton. 
U.S., NACA TN 3702, June, 1956. 18 
pp. Description of a method for obtain- 
ing a power spectrum of gust vertical 
velocity from simultaneous measurements 
made in flight, and its experimental 
application. The procedure does not 
involve the use of airplane transfer func- 
tions. 


Military Aviation & Armament 


Air Force Logistics—Some Recent 
Developments. Allen R. Ferguson. JAS 
Natl. Summer Meeting, Los Angeles, 
June 18-21, 1956, Preprint 647. 13 pp. 


Members, $0.50; nonmembers, $0.85. 
Discussion covering the role of airlift, 
maintenance of control over Air Force 
assets, introduction of improved logistics 
policies, and outline of military environ- 


1956 


ment and functions of the logistics syste 
in the early 1960’s. 

Special Issue: Air Research ang 
Development Command Edition. 4, 
Week, Aug. 6, 1956. 492 pp. Extensive 
documentary coverage including weapop. 
systems management, missiles, nuclea, 
systems, aircraft and propulsion, avionicg 
armament, exploratory research, human 
factors, and geophysics. 

A Polar-Planimeter Method for Deter. 
mining the Probability of Hitting a Targe,, 
G. R. VanBrocklin, Jr., and P. C. Murray 
Operations Res., Feb., 1956, pp. 87-9). 
Development of a method for determining 
the probability of falling inside a plane 
area when the distribution of hits in the 
plane is a normal bivariate distribution 
centered at some fixed point in the plane 

Relationships Between Size-Matching 
Test and Pedestal Sight Gunnery Pe. 
formance. Walter Lesiw and Mymon 
Goldstein. USAF PTRC TN 56-29 
Feb., 1956. 16 pp. Experimental inves. 
tigation to determine the extent to which 
framing may be considered a task of per. 
ceptual recognition. 

A Bombing System Reliability Pro. 
gram. Mark H. Smith and Robert L 
Wendt. Sperry Eng. Rev., May-June, 
1956, pp. 14-19. Discussion of a system. 
malfunction analysis organized to improve 
the reliability of the Sperry K-bombing 
system. Describes manner in _ which 
failure and malfunction data are collected, 
recorded, and evaluated. 

Zero-Lift Drag of a Series of Bomb 
Shapes at Mach Numbers from 0.60 to 
1.10. William E. Stoney, Jr., and John 
F. Royall. U.S., NACA RM L56Di16, 
July 26, 1956. 12 pp. Investigation of 
six bomb shapes fired from a gun using 
compressed helium to propel the models 
into the air. Five configurations have the 
same body shape, the only difference being 
in the body-surface conditions and the 
profile and plan form of the fins, while 
the sixth has a different and longer body 
shape. 


Missiles 


Guidance—the Brains of Missiles. 
Daniel T. Sigley, N. I. Korman, and Guy 
Worsley. Aero. Dig., July, 1956, pp 
22-31. Discussion of guidance systems 
which includes special techniques used in 
guidance, principles and the role of con- 
trol systems, simulated flight testing, 
errors in guidance systems, frequencies 
used, homing systems, radar-beam riding, 
inertial guidance, stellar navigation, satel- 
lite guidance, and the development stages 
in missile-guidance systems 

An Interference Factor for Multifinned 
Tail Assemblies in Supersonic Flow. |] 
Leith Potter, Norman M. Shapiro, and 
William D. Murphree. USRA OML 
Rep. 2R12F, May 18, 1956. 49 pp 
Experimental and theoretical investiga- 
tion to determine methods of calculating 
normal forces and center of pressure of 
multifinned tail assemblies in supersonic 
flow. Data for four-, six-, and eight: 
finned tails of typical design are pre 
sented in a range of Mach Numbers 
from 1.73 to 4.24. 

Flight Investigation of the Performance 
of a Two-State Solid-Propellant Nike- 
Deacon (Dan) Meteorological Sounding 
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Another engineering first—the Boeing jet 


The KC-135, shown on the production 
lines of Boeing’s Transport Division, is 
America’s first jet transport-tanker. It 
gives the Air Force a refueling craft that 
matches the performance of today’s jet 
age hehters and bombers. In its transport 
tole, the KC-135 becomes our defense 
forces’ first aerial carrier with the speed 
and altitude for jet-speed operations. 

Aeronautical engineers at Boeing—who 
have helped turn out 888 propeller- 
driven tankers in this same plant—are 
now working full time on jet-powered 
aircraft. Boeing’s big and growing back 
log of orders creates openings-with-a- 
future for more aeronautical engineers. 

At Boeing, aeronautical engineers play 
an important role in production, serving 
as consultant and supervisory liaison be 
tween design sections and production 
teams. They have an opportunity to help 
pioneer production methods for the most 
advanced multi-jet aircraft in the world. 
Besides the KC-135, aeronautical engi- 


neers are needed for production of such 
vital airplanes as the B-52 eight-jet 
bomber, the 707, America’s first jet air- 
liner, and the BOMARC Miissile System. 

Here's some measure of your advance- 
ment potential at Boeing: during the last 
10 years, the number of Boeing engineers 
has increased 400%. With that kind of 
growth, there are always opportunities for 
advancement. They could be your op- 
portunities, for Boeing promotes from 
within. Every six months a merit review 
gives you an occasion for recognition, 
advancement, increased income. 

At Boeing, you live in progressive, 
young-spirited communities, with good 
housing and recreational activities. You 
work with men outstanding in the world 
of engineering, on projects of tremendous 
importance to your country. You look 
forward to one of the most liberal retire- 
ment plans in the industry. There’s job 
stability, and a limitless future, at Boeing 
—in production, and in design and re- 


transport-tanker 


search as well. If this is what you're 
looking for, get started by mailing the 
coupon — today! 


JOHN C. SANDERS, Staff Engineer — Personnel 
Boajng mplane Co., Dept. A-56, Seattle 24, Wash. 


Boeing Airplane ComQept*A-56, Melbourne, Fla. 


4 
Mail this coupon to fo Ome: above from 
which you desire furtheré about 
advantages of a Boeing cared, 
A 


Name 


College(s)_ 


Degree(s) Waris 
c 


City Zone State___ 


ee ee ee 


Telephone number 


BOLING 


Aviation leadership since 1916 


SEATTLE, WASHINGTON WICHITA, KANSAS 
MELBOURNE, FLORIDA 


Address 


SS 
\ f 
X 
r. B , Staff Engineer — Personne 
Boeing Affatan Dept. A-56, Wichita, Kansas 
A. J. BERRYMAN, ager — Administration 
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Rocket. Robert H. Heitkotter. U.S., 
NACA TN 3739, July, 1956. 21 pp. 
Evaluation of a rocket vehicle for upper 
atmosphere meteorological research, pre- 
senting a description of the rocket con- 
figuration, the zero-length launching 
method used, and the flight-test results. 
The vehicle consists of a Deacon rocket 
containing research apparatus which is 
ejected in flight and of a Nike booster. 


Navigation 


Introduction to Inertial Navigation. D. 
E. Adams. J. Inst. Navigation, July, 
1956, pp. 249-259. General discussion 
covering the basic principles, motion in a 
gravitational field, basic components, 
errors arising from component imperfec- 
tions, component performance require- 
ments, engineering tolerances, and an 
evaluation of the role of inertial naviga- 
tion in missile operation and in the opera- 
tion of conventional aircraft and heli- 
copters. 

Choice of Coordinate Systems in 
Inertial Navigation. J. M. Slater. J. 
Inst. Navigation, June, 1956, pp. 58-62. 
Analysis applying three different coordi- 
nate systems to an inertial navigator. The 
systems include the latitude-longitude 90° 
offset and guidance-plane coordinate sys- 
tems. 

Some Meteorological Aspects of High- 
Level Navigation. I—Strong Winds in 
the Upper Atmosphere Above 15,000 ft. 
J. K. Bannon. Il—Jet Streams and the 
Pilot. Bernard C. Frost. IiI—The 
Problems of Forecasting. T. H. Kirk. 
J. Inst. Navigation, July, 1956, pp. 282 
309. 


Nuclear Energy 


Nuclear Aircraft Shielding. A. P. 
Fraas. (IAS Natl. Summer Meeting, 
Los Angeles, June 18-21, 1956, Preprint 
644.) Aero. Eng. Rev., Sept., 1956, 
pp. 39-43. 

Thermonuclear Power Plants. 
Shen Tsien. Jet Propulsion, July, 1956, 
pp. 559-564. Analysis of certain prob- 
lems in the technical design of a thermo- 
nuclear power plant. The thermonuclear 
reaction rate for the fusion of deuterium 
is calculated on the basis of a similar 
Gamow and Teller analysis. 

Remarks on the Theory of Fusion. 
G. A. Sokolik. (Zhurnal Experimen- 
talnoi i Teoreticheskoi Fisikt, Jan., 1955.) 
Soviet Physics - JETP, July, 1955, pp. 
9-12. Translation. Derivation of a 
generalization which holds for infinite-di- 
mensional as well as_finite-dimensional 
wave equations. 

The Question of the Possibility of 
Measuring the Temperature of the 
Column of a Jet Discharge Using the 3064 
A Hydroxyl Band. M. Z. Kholkov. 
(Zhurnal Experimentalnoi i Teoreticheskoi 
Fisiki, Nov., 1955, pp. 645-650.) Soviet 
Physics - JETP, May, 1956, pp. 559- 
564. 12 refs. Translation. Experimen- 
tal investigation to determine the tem- 
perature of a neutral gas, this tempera- 
ture being connected with the predomi- 
nant role of thermal dissociation due to the 
action of fast electrons with simultaneous 
excitation of the hydroxyl which is 
formed. Includes a table showing the 


Hsue- 


results of measurements of the tempera- 
ture at various pressures for those cases 
in which it is possible to carry out simul- 
taneous measurements with nitrogen and 
hydroxyl 


Photography 


Aerial Electronic Surveying. B. B 
Hunkapiller. Navigation, June, 1956, pp 
77-83. Discussion of the techniques of 
aerial surveying using equipment 
developed from the short-range navigation 
system (HIRAN). Includes a list of 
USAF surveying projects throughout the 
world 


Physics 


The Estimation of the Transport Prop- 
erties for Electronically Excited Atoms 
and Molecules. Joseph O. Hirschfelder 
and Morton A. Eliason. U. Wis. NRL 
Dept. Chem. TR WIS-AF-1, May 14, 
1956. 16 pp. USAF-sponsored analysis 
for the development of two methods 
which may be used to obtain estimates, 
respectively, with or without the knowl- 
edge of the potential energy curves 
Both methods neglect nonadiabatic col- 
lisions. 

Colloque Sur la Diffusion. France, 
Min. de l’Air NT 59, 1956. 96 pp. 37 
refs. SDIT, 2 Av. Porte-d’Issy, Partis 15, 
Frs. 1,000 In French. Contents: 
Etude Critique des Définitions Fondamen- 
tales Relatives a la Diffusion (Critical 
Study of Fundamental Definitions Related 
to Diffusion), J. Salvinien. Justification 
Statistique de la Loi de la Diffusion 
(Statistical Justification of the Law of 
Diffusion), J. J. Moreau. Calcul du 
Coefficient de Diffusion a Partir de 
Mesures de Diffusion en Régime Vari- 
able (Calculation of the Coefficient of 
Diffusion Starting from the Measurements 
of Diffusion in the Variable Regime), 
P. Vernotte. Etude Critique des Applica- 
tions Physico-Chimiques de la Dialyse 
(Critical Study of Physico-Chemical 
Applications of Dialysis), R. Marignan. 
Etude Interférométrique de la Diffusion 
dans les Liquides (Interferometric Study 
of the Diffusion in Liquids), E. Calvet 
and H. Patin. Détermination des Coeffi- 
cients de Diffusion a l’Aide des Eleménts 
Marqués (Determination of Coefficients 
of Diffusion by Means of Tracer Sub- 
stances), S. Cordier. Diffusion avec 
Précipitation dans les Gels; Cas des 
Précipitations Périodiques (Diffusion with 
Precipitation in Gels, the Case of Periodic 
Precipitations), J. Salvinien. Formation 
de Lignes Multiples par un Systéme Pré- 
cipitant Simple Lors de la Précipitation 
Spécifique par Double Diffusion en 
Milieu Gélifié (Formation of Multiple 
Lines by a Simple System During Specific 
Precipitation by Double Diffusion in 
Gelatinous Media), M. Kaminski. L’Ana- 
lyse Immuno-Electrophorétique de Mé- 
langes de Protéines (Immuno-Electro- 
phorous Analysis of Protein Mixtures), P. 
Grabar 


Power Plants 


Les Petites Turbines 4 Gaz et les 
Petits Réacteurs pour l’Aviation; Leur 


Champ d’Application et leur Avenir. | 
Poincaré. Tech. et Sci. A éronautiques 
No. 2, 1956, pp. 61-67. In French 
Evaluation of small gas turbines ang 
small rockets and of their future range of 
application. 

A Theoretical Analysis of Reaction Rate 
Controlled System. M. V. Herbert. ¢; 
Brit., NGTE Rep. R.196, June, 1956, 73 
pp. 21 refs. Determination of the abso. 
lute limits of air loading for an adiabatic 
and homogeneous reaction zone taking 
into account the effects of inlet tempera. 
ture and vitiation. 


Jet & Turbine 


Gas Turbine Developments in Aero. 
nautics. A. W. Morley. The Engr, 
July 6, 1956, pp. 16-18. Abridged. Dis. 
cussion of methods for increasing the 
power and efficiency of future turboprop 
and turbojet engines including helicopter 
gas turbines. Also presented are means 
of improving fuel economy by better 
combustion efficiency and higher turbine 
inlet temperatures. 

Fitting Jets to Fighters. 
July, 1956, p. 31. Discussion of problems 
in jet engines at supersonic speeds: 
includes ram _ effect, compressor range, 
blade stresses, gun-blast effects, reheating, 
and the presence of foreign matter in the 
engine. 

Vantaggi della Turbina Radiale nelle 
Applicazioni all’Autotrazione. Federico 
Filippi. (Rivista ‘‘ATA,” Dec., 1954 
Torino Polytech. Inst., Aero. Lab., Mono- 
graph 345, 1955. 6 pp In Italian 
Brief analysis of the performance and 
control of radial inward-flow turbines 

Gas-Turbine-Driven Auxiliary Elec- 
tric Power Unit for Aircraft. The Engr, 
July 13, 1956, pp. 66-69. Discussion of a 
Solar Aircraft developed auxiliary pod 
unit giving design details of power unit, 
gas-turbine prime mover, engine-control 
system, and pod structure. 

Zagadnienia Spalania w Silnikach Odr- 
zutowych. Stanisaw Wojeicki. Tech. 
Lotnicza, May-June, 1956, pp. 66-75. 10 
refs. In Polish. Study of the problem of 
combustion in jet engines. 

Investigation of the Effect of Impact 
Damage on Fatigue Strength of Jet- 
Engine Compressor Rotor Blades. Albert 
Kaufman and André J. Meyer, Jr. U.S, 
NACA TN 3275, June, 1956. 25 pp. 

Application of Internal Liquid Cooling to 
Gas-Turbine Rotors. Sumner Albert, R. 
E. Grey, and D. D. Drake. (ASME 
Diamond Jubilee Meeting, Chicago, Nov. 
13-18, 1955.) Trans. ASME, Aug., 1956, 
pp. 1,257-1,266. Design description of a 
small gas turbine for a gas temperature of 
1750°F. with lean-alloy rotor materials 
and featuring closed-system cooling with 
interchangeable blades; and experimental 
investigation of a single-stage test turbine 
by means of cold-air tests, hot tests, and 
endurance tests totaling 100 hours. 

Analysis of the Bypass Jet Engine. 
Harry Pearson. Av. Age. July, 1956, pp. 
32, 33 ff. Discussion of the bypass Jet 
engine and its advantages in subsonic 
long-range flight. 

The Challenge of Small Gas Turbines. 
T. W. Shidler. Av. Age, Aug., 1956, pp. 
28-31. Evaluation of small turbine 
engines for reducing air-frame weight, 
fuel consumption, and overhaul time. 
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intercepts heat for a jet interceptor! 


Harrison cools 
Convair’s new 
supersonic \fighter 


Red-hot and cool! Convair’s new F-102A plays an important 
part in our air protection, and Harrison keeps important 
engine parts running cool! Only inches away from sky-high jet 
temperatures, vital components operate at just the 

right levels for peak performance. 


Durable, dependable, lightweight Harrison oil coolers get 

first call on America’s finest, fastest aircraft. They’re another 
product of Harrison’s constant search for better ways 

to meet the temperature-control challenges of the jet age. 

If you have a cooling problem, look to Harrison for the answer! 


Watch "WIDE, WIDE WORLD” Sundays on NBC-TV 


HARRISON 


RADIATOR DIVISION, GENERAL MOTORS CORP., LOCKPORT, N.Y. 
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Operating Experience—11,099 


pressor 

Hours a Day. R. E. Small and J. p coupling 
Wethe. JAS Turbine-Powered A ynit, ¢! 
Transportation Meeting, Seattle, g. 10, | crankshi 
1955, Paper 8/5/55. 10 pp. Discussion Mach 
of methods and results of ration | Blade } 
studies of the G-E J-47 jet engi with | Jers Ltd 
particular emphasis on application to the Aircraft 
aircraft transport industry Discuss! 
Impulso Specifico dell'Esoreattore ¢ | ble me 
Velocitaé de Volo. Antonio Cappet Alti | requirec 
Accad. Sci. Torino, 1954-1955 Toring ances Sp 
Polytech. Inst., Aero. Lab., Monograph 362 Trace 
1956. 6 pp. In Italian. Results of a | ditions 


study of jet thrust variation presented in | Machin 

nondimensional form ponents 
Turbine Disks for Jet Propulsion Units; | Prod., ] 

An Account of Work of the Disk Pane] of 

the Ministry of Supply, Gas Turbine Col- | Tooling 

laboration Committee, During the Years 


1941-1049. II. A. E. Johnson. dir. into 
craft Eng., July, 1956, pp. 235-243 | pooh 
Description, applications, and numerical a 
examples of the Hartree and the Donath - hi 
methods, and the RAE adaptation of the — 
Donath’s method to elastic stress com- = 
putation 
Correlation of Fir-Tree-Type Turbine- Three- 
Blade-Fastening Strength with Mechani- Tools 
cal Properties of «Materials. A. G si 
MARIN & EW = ST. ee Holms and A. J. Repko. Trans. ASME, 
| Aug. 1956, pp. 1,251-1,256. Elevated- Millin 
temperature time-dependent spin tests on Hydra 
model dises having fir-tree blade fasten Rect 
ings, with material and test conditions pe 
selected to cover a wide range of notch pont 
sensitivity. F-100 
Rocket ' 
0 


Armstrong Siddeley Screamer; A Mach 
Powerful Rocket Motor from Coventry. 
Flight, July 27, 1956, pp. 160-162, 164, 
cutaway drawings. Developmental de- Weld 
scription of a power plant which uses 


Airere 


} 
| liquid oxygen as oxidant, kerosene as fuel, . 
craft 
| and water as coolant. oe 
| Rocket Power Plant. The Engr., July 1956 
| 27, 1956, pp. 117, 118. Description of pie 
the Screamer, a rocket engine which is son 
U. S. Marines are now operating | readily started, stopped, and controlled, ogi 
their newest type helicopters | and whose unusual features are a throat- "are 
. ? less chamber and a tripropellant system ai 
Kaman HOK-ls. These twin rotor | fuel, oxidant, and coolant 8g 
helicopters are used for cargo carry- * 
ing, medical evacuation, personnel | Production 
transport, observation, and search | 
and rescue. These fine ships are the | Specifying Manufacturing Tempera- St 
latest product of Kaman’s ten years’ Aug., NAC 
| JOO, Pp. vl, ve. oF setting up 
development and production of heli- standards for specifying temperatures at Pp 
copters for military and civilian use. | which machine parts should be manu- a? 
Kaman is proud of the part it is factured, according to size and material, a 
playing in the furtherance of our | in order to obtain required tolerances blad 
National Defense effort. | _ Perfection in Production. Hawker-Sid- pws 
deley Rev., June, 1956, pp. 54-57. Dis- blad 
: cussion of quality control in jet-engine panes 
production by Orenda Engines Ltd F 
Includes inspection techniques for tur- Incl 
AMMAN bine blades, rotor discs, welding, and coat- Str 
ings. The percentage sampling system Me 
used for parts, where previous tests arie 
THE KAMAN AIRCRAFT CORP. have shown that defects in manufacture Bu 
BLOOMFIELD, CONN. : have reached a low level, is also described. NA 
Metalworking 
Precision Machining. T. G. Conway 
SAE J., July, 1956, pp. 43-47. Abridged. 
Discussion of machining techniques for J 
the following aircraft engine parts: com- 
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>—11,000 pressor dises, compressor rotor disc | ei 
id J. D coupling, pinion cage for reduction gear 
d Air | ynit, cylinder barrels, crankcase, and | 
lug. 10, | crankshaft 
iscussion Machining Rotors; Profiling Integral- Our engineers are on the hall 
eration | Blade Rotors at de Havilland Propel- 
. with | Jers Ltd.: Solenoid-Controlled Indexing. | 


to the | dircraft Prod., July, 1956, pp. 270-275. 
Discussion of means for choosing a suit- | 
attore e | able method of generating the blade form | 


Atti | required in relation to the class of toler- 
Torino | ances specified. 
bh 362, Tracer Control; an Examination of Con- | 


ilts of a | ditions Inherent in and Surrounding the 


sented in | Machining of Integral Airframe Com- 
ponents. Paul Dubosclard. Aircraft 
on Units; | Prod., July, 1956, pp. 292-295. 
Panel of | 
dine | Tooling | 
ie Years Automatic Machine Tool Control Sys- 
soe Aw. | tems. Aircraft Eng., July, 1956, pp. 
sais 243 244-246. Description and comparison of 
— the potentialities of the E.M.I. Elec- 
 Donath tronics Ltd., and the Ferranti Ltd., 
a Digital Control; Data Control-System 
; Developed for the Automatic Continuous 
Surbine- Three-Dimensional Control of Machine- | 
Mechani- Tools. Peter J. Farmer. Aircraft Prod., | 
= July, 1956, pp. 256-267. 
| 


{SME | 
Pe Hydraulic Tracer Circuit for Contour 
“evated- | wining Machine. W. C. Kraft. Appl. Ou eing 0 
tests on Hydraulics, July, 1956, pp. 67-69. De- 
. fasten- scription of a 30-ft. contour skin milling | 
mnditions machine used for sculpturing one-piece 
- integrally stiffened wing sections for | 
F-100 Super Sabre jets. 
Programming—Preparation of Data | 
| Let’s face it. Engineers are people, and people have a habit 
’ achine-Tool Control. Peter J. Farmer. | 
‘oventry. —_fircraft Prod., Aug., 1956, pp. 326-336. | of blowing off steam once in a while, either rightly or wrongly. 


62, 164, Kaman Aircraft considers it quite an achievement that the 


ital de- Welding members of the Engineering staff have worked hard and 
wes oe A Systems Analysis Approach to Air- | long and well on many classified projects with very, very 
as luel, | craft Spot-Weld Reliability. J. M. Peter- | few grumbles. 
Tul son and E. R. Funk. Welding J., July, | 
gr., July } 


1956, pp. 679-683. Discussion of the 


We think it’s mostly because our Engineers recognize there’s 
advantages of the systems analysis 


ption of 


islcks de ne a tremendous job to be done at Kaman Aircraft to keep up 
ntrolled approach as shown by its successful use | our end of the National Defense effort, and they are the 
in other applications, and comparison | ho hh b d do it, Of 
between this approach and methods used | peopie who ave een ecte to do it. COUrSE, our engl- 
ystem presently for controlling the quality of | neers are technically qualified men who are willing to work. 
spot-welding. | Their reward is the satisfaction of a job well done, plus 
| commensurate pay and working conditions second to none. 
Propellers | Our men don’t like to be coddled . . . and aren’t. 
— Steiic-Thrust Characteristics of the | A golf ball can take an awful pasting and come up with a 
shar ae NACA 8.75-(5) (05)-037 Dual-Rotation smile. Check the position you can fill and mail the coupon. 
“tid : Propeller. Harry T. Norton, Jr. U.S., We think you’ll come up with a smile, too. 
ids NACA RM L56C27, July 10, 1956. 16 | 
> manu- 
: pp. Experimental investigation of dual- | 
rotation propellers having six and eight | 


re blades at the Langley test stand to | KAMAN 
ae Dis- determine the vibratory stress due to | 
‘ blade passage, with wake-velocity surveys | 


t-engine 
§ and measurements of thrust and torque. 


Flutter of Thin Propeller Blades, | 
Including Effects of Mach Number, | THE KAMAN AIRCRAFT CORP. 
Structural Damping, and Vibratory-Stress 61 Old Windsor Road ting & Layout 
Measurements Near the Flutter Bound- Bloomfield, Conn. Deion 
aries. Harvey H. Hubbard, Marvin F. | 
u Burgess, and Maurice A. Sylvester. U.S., Att: W. M. Tynan, Administrative Engineer 
2707 Or | nical Design 
NACA TN 3707, June, 1956. 25 pp. Name oF vase Preliminary ie & 
Add Research 
Sonway. Reference Works City Ade ane er Systems Development 
bridged. gar? 0 Structural Design 
yues for Abstracts of Papers Published Exter- 
com- nally. Gt. Brit., ARC R&M 2916, (Feb., Home Phone 7 aa 
1954), 1955. 10 pp. BIS, New York, 


LO 
| 
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$0.54. Sixteen available papers on aero- 
nautical and related subjects published by 
the ARC. 

Bibliography of Creep for Structural 
Engineers. Joseph Kempner and N. J. 
Hoff. USAF WADC TN 56-40, Mar., 
1956. 59pp. 196 refs. 


Rotating Wing Aircraft 


Ministry of Supply—RD. Helicopters; 
Notation for Rotorcraft Work. A. Armi- 
tage. Gt. Brit. MOS RDH TN 1/56, 
Apr., 1956. 30 pp. A suggested stand- 
ard notation for rotating wing aircraft 
work resulting from a study of numerous 
papers of many sources of origin. 

Helicopter Antenna Design. A. R. 
Ellis. Tele-Tech, Aug., 1956, pp. 84, 85, 
114-117. Design and description of 
methods and equipment for studying 
radiation shielding, rotor modulation 
and harmonic ratios, and air-frame reso- 
nance. 

Promising Newcomer Omega SB-12. 
Frank Coleman. Am. Helicopter, June, 
1956, pp. 6-9, 14. Design, structural, 
and performance characteristics of a 
twin-engine, single-rotor helicopter. 

Experimental Study of a Tandem 
Helicopter Employing Cocked Vertical 
Blade Hinges. Peter F.Leone. AHSJ., 
July, 1956, pp. 59-66. 

A Commercial Helicopter Operator’s 
Radio Navigational Requirements. 
Richard A. Girvin. AHS J., July, 1956, 
pp. 67-71. Survey covering present- 
day operations, operational problems, 
existing facility test results, the Instru- 
ment Landing System (I.L.S.), G.C.A. 
and surveillance radar, omni-range and 
VHF/UHF systems, physical and oper- 
ational helicopter navaid requirements, 
the helicopter “airway” system, and an 
outline of electrophysical characteristics 
recommendations. 

’Copter Pilot Freed from Shackles of 
Stick. Vincent Acri. Sperryscope, 
Second Quarter, 1956, pp. 22-24. Dis- 
cussion of an autopilot that stabilizes 
automatically a helicopter during all 
normal flight, hovering, landing, and 
take-off maneuvers, regardless of adverse 
wind and weather conditions. 

Calculul Performantelor Elicopterului. 
Al. Marinescu. Rev. Transporturilor, Apr., 
1956, pp. 145-149. In Rumanian. Method 
for calculating the performance of a heli- 
copter. 

Aerodynamika i Osiagi Smigtowca. 
Jan Koézniewski. Tech. Lotnicza, Nov.- 
Dec., 1955, pp. 159-171. In Polish. 
Investigation of aerodynamic and _per- 
formance characteristics of helicopters. 

Helicopter Blade Vibration and Flutter. 
R. H. Miller and C. W. Ellis. AHS J., 
July, 1956, pp. 19-88. Discussion and 
analysis of a method to reduce helicopter 
vibration arising from vertical forces 
acting at the rotor hub by placing the 
blade in torsional resonance with the 
dominant harmonic and by adjusting the 
chordwise c.g. in such a way as to cancel 
the aerodynamic exciting force, regardless 
of its origin. 

Some Applications of the Response 
Matrix Method to Rotor Blade Bending 
Problems. Alex Berman. AHS J., July, 
1956, pp. 10-18. Derivation of a method 
for finding the changes in rotor-blade 


response due to bending. Solutions are 
obtained for the more complete equation 
of motion which includes the periodic 
aerodynamic terms due to bending, and 
for in-plane bending by modifying the 
response matrices corresponding to out- 
of-plane bending. The flexibility and 
usefulness of the response matrix formu- 
lation as an analytical tool as well as a 
computational convenience are demon- 
strated. 

Zagadnienie Zginania w Locie Topat 
Smigtowca. Jerzy Lipka. Tech. Lot- 
nicza, Sept.-Oct., 1955, pp. 1387-142. In 
Polish. Study of flight bending of heli- 
copter rotor blades. 

Analytical Determination of the Natural 
Coupled Frequencies of Tandem Heli- 
copters. Appendix—Procedure for Re- 
ducing the Order of the Matrix Equation. 
George W. Brooks. AHS J., July, 1956, 
pp. 39-52. 

Some New Conclusions About Heli- 
copter Mechanical Instability. Troels 
Warming. AHS J., July, 1956, pp. 1-9. 
Theoretical investigation taking into 
account all acting forces and moments in 
order to derive the necessary equations 
from the condition of their equilibrium. 
The analysis is limited to rotors with three 
or more blades, and the pylon considered 
is a concentrated mass at the center of the 
hub, which can move in the plane of 
rotation. The spring and damping forces 
acting on the pylon are the same in all 
directions (isotropic mounting). 

A Discussion of Helicopter Vibration 
Studies Including Flight Test and Analysis 
Methods Used to Determine the Coupled 
Response of a Tandem Type. John E. 
Yeates, Jr. AHS J., July, 1956, pp. 
53-58 


Safety 


Crash, Rescue, and Fire Fighting for 
All Constellation Series Aircraft. Lock- 
heed Field Serv. Dig., July-Aug., 1956, 
pp. 1-10. Charts showing location of 
emergency exits, “chop-through’’ areas, 
magnesium structure, and flammable 
fluid locations for all models of the Con- 
stellation series 


Space Travel 


Fundamental Basis of Space Flight. 
William O. Davis. J. Astronautics, 
Spring 1956, pp. 9, 10, 235. 


Some Aspects of Space Travel. C. M. 


Sethna. Indian AF Quart., Jan.-Mar., 
1956, pp. 1-14. Review of the basic 
principles and engineering aspects of 
space travel, covering the theory of 


rocket flight and mass ratio, rocket fuels, 
the step rocket, and the artificial satellite. 
Includes speculations based on 
reports about ‘“‘flying saucers’ leading to 
the recommendation that scientists look 
into the possibility of producing a gravi- 
tational field ahead of a space vehicle. 
Electrical Propulsion System for Space 
Ships with Nuclear Power Source. II. 
Ernst Stuhlinger. J. Astronautics, Spring 
1956, pp. 11-14. Basic design considera- 
tions of an electrically propelled space 
ship, and description of requirements for 
the nuclear reactor, radiation shield, heat 


some 


1736 


exchanger, working fluid, turbine, gop. 
denser, and generator. 

A Calculus of Variations Solution of 
Goddard’s Problem. G. Leitmanp, 
Astronautica Acta, June, 1956, pp. 55-69. 
Analysis of an optimum thrust program 
for a rocket to achieve given altitude with 
a given velocity and pay load, and with 
minimum fuel expenditure. 

Flight Mechanics of Photon Rockets, 
Eugen Sanger. Aero Dig., July, 1956 
pp. 68-73. Discussion of relativity with 
respect to time and distance for inter. 
planetary rocket crews. Predictions are 
made of time, speed, and fuel mass 
required for reaching different planets 
and solar systems, and the conclusion js 
made that the complete universe can be 
traveled within man’s lifetime. 

Some Applications of Automatic Naviga- 
tion. E.V. Stearns. J. Inst. Navigation, 
June, 1956, pp. 66-72. Discussion of the 
techniques of an automatic navigation 
system and its application to interplane- 
tary navigation. 

Satellites. Jorgen Jensen. (Jnst. Nav, 
East. Regional Meet., Baltimore, Apr. 26, 
1956.) Aero. Eng. Rev., Sept., 1956, pp. 
44-47. Discussion of some of the diffi- 
culties involved in manned space travel. 

Satellite Ascent Guidance Require- 
ments. Jorgen Jensen. J. Astronautics, 
Spring, 1956, pp. 1-3, 14. Analysis of 
guidance requirements in launching a 
close orbit satellite about the earth, with 
illustration of the effects on the orbit due 
to errors in the injection condition such 
as cutoff, velocity increment above or 
below the circular orbit velocity, and 
elevation angular errors. 

Transfer Between Circular 
D. F. Lawden. Jet Propulsion, July, 
1956, pp. 555-558. Solution to the 
problem of transferring a rocket from a 
circular orbit about one planet into 
another about a second planet with 
minimum expenditure of fuel. 

Factors Affecting the Lifetime of Earth 


Orbits. 


Satellites. N. V. Petersen. Aero Dig., 
July, 1956, pp. 74-82. 
The Satelloid. Krafft A. Ehricke. 


Astronautica Acta, June, 1956, pp. 63-100. 
25 refs. Theoretical analysis of a satel- 
loid (a powered orbiting vehicle), con- 
sidering flight mechanics of the circular 
and the subcircular velocity satelloid, its 
free-molecule-flow aerodynamic qualities, 
and the aspects of aerodynamic heating. 

Flight Mechanics of the Satelloid. 
Krafft A. Ehricke. Aero. Dig., July, 
1956, pp. 46-54. Analysis of space 
re-entry problems and the proposal of a 
low-thrust rocket-powered vehicle called 
a satelloid for flights between 300,000 
and 600,000 ft. Operation of such a 
vehicle as a satellite auxiliary is discussed. 

Thermal Control in a Space Vehicle. 
Paul E. Sandorff and John S. Prigge, Jr. 
J. Astronautics, Spring, 1956, pp. 4-8, 26. 
Analysis, based on estimated performance 
for actual conditions and materials, to 
calculate the temperature distribution on 
the hull of a space vehicle subject to 
solar radiation but not to earth shine, 
with the hull assumed to be of high- 
strength aluminum alloy and _ spherical 
in shape. The problem of establishing 
and maintaining control of the tempera- 
ture inside of the vehicle is treated as an 
engineering design problem. 
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FOR CREATIVE ENGINEERING» 
AND QUALITY MANUFACTURING 


BENDIX Products Division has long specialized 


in FUEL METERING, ENGINE CONTROL SYSTEMS 


= 


LANDING GEAR. 


This advanced type fuel metering unit was developed by Bendix 
to include special features for the 10,000-pound thrust class 
Pratt & Whitney J-57 turbojet—the engine which puts the 
power behind the super performance of the F4D Skyray. 


A. early as 1945, Bendix brought out a jet engine control which auto- 
matically metered fuel during engine acceleration and deceleration 
so as to avoid over-temperature, compressor stall and “flame out”. 
Since then, these features have become a “must” on all jet engine con- 
trols, allowing the pilot to slam the throttle wide open without danger 
of ruining the engine, or slam it shut without risk of “flame out”. 

Bendix fuel metering is used today on nearly all American air- 
liners, and on a great majority of military aircraft. This includes injec- 
tion type carburetors and direct fuel injection, as well as fuel metering 
and complete engine control systems for jets. 

These and other achievements are solid evidence that the aircraft 
industry can continue, as in the past, to look to Bendix for creative 
engineering and quality manufacturing. 


Float and injection type carburetors . . . Direct injection fuel systems... 
Fuel metering and engine control systems for jets and turboprop engines 
... Brakes, wheels and shock absorbing struts for all types of airplanes. 


AVIATION CORPORATION 


Export Sales: Bendix International Division, 205 E. 42nd St., New York 17, N. Y. 


— 3 | 
4 
: 4) SERVING ALMOST ALL American airframe and en- 
gine manufacturers, Bendix can bring much of 
a Coe the COMBINED KNOW-HOW OF THE INDUSTRY to the 
benefit of any one project. 
= fil 
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Structures 


Factors of Safety. Glen H. Howell. 
Mach. Des., July 12, 1956, pp. 76-81. 
Discussion of safety factors based on 
several characteristics including failure, 
load, stress, material properties, and 
degree of importance of basic safety 
requirements. 

The Problem of Fatigue Strength in 
Aircraft Structures; a Survey with 
Recommendations for Design Rules Based 
on Recent Research. E. Gassner. Aizr- 
craft Eng., July, 1956, pp. 228-234. 20 
refs. 

Statistical Interpretation of Fatigue 
Tests. F. Gatto. (Alluminio, No. 6, 
1955, pp. 548-554.) Gt. Brit., RAE Lib. 
Transl. 576, May, 1956. 16 pp. 21 refs. 
Review of the more important published 
methods for the statistical analysis of 
fatigue data and proposal of two new 
methods—that of the mobile mean and 
that of rearrangement of data. 

Zagadnienia Zmeczeniowe w Kon- 
strukcji Samolot6w Komunikacyjnych. 
Justyn Sandauer. Tech. Lotnicza, Mar.— 
Apr., 1956, pp. 37-48. In Polish. Study 
of fatigue problems in structures of 
transport aircraft. 

Stiffness and Deflection Analysis of 
Complex Structures. Appendix A—Deri- 
vation of Spar Stiffness Matrix. Appen- 
dix B—Plate Stiffness Matrices. M. J. 
Turner, R. W. Clough, H. C. Martin, and 
L. J. Topp. (JAS 22nd Annual Meeting, 
New York, Jan. 25-29, 1954, Paper.) J. 
Aero. Sci., Sept., 1956, pp. 805-823, 854. 
14 refs. Description of a digital-com- 
puter method for calculating stiffness 
influence coefficients of complex shell-type 
structures in order to obtain structural 
data of sufficient accuracy for subsequent 
dynamic and aeroelastic analyses. 

Relative Accuracy of Deflections and 
Bending Moments (or Stresses) Derived 
by the Method of R.A.E. Report No. 
Structures 168. D. Williams. Gt. Brit., 
ARC CP 254, 1956. 11 pp. BIS, New 
York, $0.36. 

O Predstavlenii Osnovnikh Sootnoshenii 
Nelineinoi Teorii Obolochek. N. A. 
Alumiae. Prikl. Mat. i Mekh., 1956, pp. 
136-139. In Russian. Presentation of 
basic formulas in the nonlinear theory of 
shells. 

Bibliography of Creep for Structural 
Engineers. Joseph Kempner and N. J. 
Hoff. USAF WADC TN 56-40, Mar., 
1956. S59pp. 196 refs. 

A Creep Buckling Hypothesis. George 
Gerard. J. Aero. Sci., Sept., 1956, pp. 
879-882, 887. 10 refs. Formulation of 
the creep-buckling phenomenon in terms 
of classical stability theory which per- 
mits the extension of known solutions for 
plastic buckling of certain thin plates and 
shells to creep-buckling problems and 
eliminates the need for complex initial- 
imperfection analyses. 

Bestimmung der Randverschiebungen 
bei ebenen Spannungsproblemen. Udo 
Wegner. ZAMM, May-June, 1956, pp. 
192-198. In German. Derivation of a 
simple principle of variation for the 
approximate computation of the necessary 
potential function required in the calcula- 
tion of edge displacement in stress prob- 
lems. 


Non-Linearity of Corrugated Dia- 
phragms. J. A. Haringx. Appl. Sci. Res., 
Sect. A, No. 1, 1956, pp. 45-52. Calcula- 
tion, using an analytic method developed 
for determining the rigidity of corrugated 
diaphragms, of the degree of nonlinearity 
of the relations between load and deflec- 
tion to be expected for large deformations. 

Fatigue Crack Propagation in Severely 
Notched Bars. W. S. Hyler, E. D. 
Abraham, and H. J. Grover. U.S., 
NACA TN 3685, June, 1956. 31 pp. 
10 refs. Fatigue tests in rotating bending 
on severely notched bars machined from 
2024-T4 aluminum-alloy extruded round 
rods. 

The Fatigue Strength of Riveted Joints 
and Lungs. J. Schijve. (Netherlands, 
NLL Rep. M. 1952, May, 1954.) U.S., 
NACA TM 1395, Aug., 1956. 54pp. 37 
refs. Translation. Investigation of the 
fatigue strength of riveted lap and pin- 
hole joints, with a discussion of the rela- 
tion between stress-concentration and 
strength-reduction factors. 

Pointers on Weighing Airplanes. 
Douglas Serv., July-Aug., 1956, pp. 12-21. 
Discussion of methods and equipment and 
of criteria to be considered in selecting 
them 

Measured Strains in a Swept Tapered 
Tube. I. J. E. Wheeler. Australia, 
ARL Rep. SM. 237, Jan., 1956, 36 pp. 
Experimental and theoretical investiga- 
tion to determine the stresses on a swept, 
tapered tube, representing a two-spar 
swept-wing torsion box with ribs parallel 
to the line of flight 


Beams & Columns 


Forced Responses of Two Elastic Beams 
Interconnected by Spring-Damper Sys- 
tems. Michael Dublin and Hans R 
Friedrich. J. Aero. Sci., Sept., 1956, pp. 
824-829, 887. Description of a theoreti- 
cal method to determine the forced 
responses, with numerical results for a 
simplified configuration. 

Non-Uniform Torsion of Tapered. I- 


Beams. Lawrence H. N. Lee. J. Frank- 
lin Inst., July, 1956, pp. 37-44. Theoreti- 
cal investigation of that class of I sections 
having relatively high ratios of web-to- 
flange thickness, with results illustrated 
by three numerical examples. The effects 


of web deformation are neglected. 


Cylinders & Shells 


Analysis of Stresses in the Conical 
Elements of Shell Structures. C. E. 


Taylor and E. Wenk, Jr. U.S., Navy 
Dept., David W. Taylor Model Basin, 
Rep. 981, May, 1956. 10 pp. 19 refs. 


Derivation of explicit influence coefficients 
for both ends of unstiffened truncated 
cones. Comparison is made with previous 
work done by approximate methods, and 
it is shown that the errors between the 
two methods are quite small for a con- 
siderable range of practical geometries. 
Analysis of Discontinuity Stresses Adja- 
cent to a Central Circular Opening in a 
Hemispherical Shell. Appendix—Expres- 
sions for the Determination of 7, (cos 
¢), gn! (cos ¢) and Their First Derivatives. 


G. D. Galletly U.S., Navy Dept., 
David W. Taylor Model Basin, Rep. 870, 
May, 1956. 28 pp. 14 refs. Compari- 


son of the Geckeler and Esslinger approxi- 


1956 


mate methods and the more exact Love 
method to determine the edge displace. 
ments and rotations around a small cir. 
cular opening in the crown of a thiy 
uniform hemispherical shell. 

Plastic Buckling of Circular Cylinders 
S. Radhakrishnan. J. Aero. Sci., Sept, 
1956, pp. 892-894. Solution of the plastic 
buckling of circular cylinders under single 
combined loads based on  Donnell’s 
equations of equilibrium. 

Beitrag zur Frage der Beulung diiny. 
wandiger axial gedriickter Kreiszylinder, 
W. Thielemann and H. J. Freyer. Dy 
Bericht No. 17, June, 1956. 29 pp. Wy 
refs. Westdeutscher Verlag, Kéln & 
Opladen. In German. Study of the 
buckling behavior of thin-walled circular 
cylinders subjected to axial pressure 

Bending Tests of Ring-Stiffened Cir. 
cular Cylinders. James P. Peterson, 
U.S., NACA TN 3735, July, 1956. 14 
pp. Experimental investigation of 25 
ring-stiffened cylinders loaded to failure 
in bending. The main structural param- 
eters varied in the tests were the ratio 
of ring spacing to radius and the radius. 
thickness ratio; the geometric size of the 
cylinders was also varied. : 

Dynamic Buckling Tests of Aluminum 
Shells. Alfred F. Schmitt. Aero. Eng, 
Rev., Sept., 1956, pp. 54-58. Investiga- 
tion of thin-walled, unstiffened shells 
buckled by the axial impact of high- 
velocity masses, in order to determine the 
magnitudes of peak loads developed, 
the character of the load-deformation 
relationship, and the energy absorbed by 
the member during deformation. 


Elasticity & Plasticity 


Inelastic Column Buckling. L. Hannes 
Larsson. J. Aero. Sci., Sept., 1956, pp. 
867-873. Theoretical investigation of the 
inelastic buckling process in order to 
compare the maximum load with the 
tangent modulus and reduced modulus 
loads and to derive an exact theory of the 
centrally compressed, initially slightly 
curved column. 

Eshche Raz k Voprosu o Tsilindriches- 
koi Forme Poteri Ustoichivosti Uprugo- 
Plasticheskikh Plastinok. Iu. R. Lepik 
Prikl. Mat. i Mekh., 1956, pp. 140-148 
In Russian. Study of the cylindrical 
form of the loss of stability of a rectangular 
plate under the assumption that the deflec- 
tion of the plate is relatively small and 
that, in the case of greater deflection, areas 
of secondary plastic stresses occur in the 
plate, reducing its resistance to any 
further bending. 


Plates 


Bending of a Circular Plate with an 
Eccentric Circular Patch Symmetrically 
Loaded with Respect to Its Centre. W. 
A. Bassali and R. H. Dawoud. Proc. 
Cambridge Philos. Soc., July, 1956, pp. 
584-598. Derivation of expressions for 
the slope and cross couples over the bound- 
ary and for the deflections at the centers 
of the plate and the loaded patch. 

Uber die Beulung anisotroper Platten- 
streifen. W. Thielemann. DVL Be- 
richt No. 16, June, 1956. 70 pp. 18 refs. 
Westdeutscher Verlag, Kéln & Opladen. 
In German. Determination of buckling 
loads (using the exact method) of aniso- 
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The Jet Propulsion Labora- 
tory is a stable research and 
development center located 
north of Pasadena in the 
foothills of the San Gabriel 
mountains. Covering an 80 
acre area and employing 
1450 people, it is close to 
attractive residential areas. 


The Laboratory is staffed by 
the California Institute of 
Technology and develops its 
many projects in basic re- 
search under contract with 
the U.S. Government. 


Opportunities open to quali- 
fied engineers. Inquiries now 
invited, 


JOB OPPORTUNITIES 


IN THESE FIELDS NOW 


IMPORTANT DEVELOPMENTS AT JPL 


Pioneering in Liquid Propulsion Systems 


Development work in liquid propulsion 


systems began at the Jet Propulsion Labo- 
ratory in 1943. This led to the first practi- 


cal rocket powerplant in the United States 
in which spontaneous ignition took place 
upon mixing of the oxidizer and fuel. 


This pioneering achievement in the liquid 
propellant systems opened the way for a 
vast number of engineering developments 
in the rocket motor field and in complete 


missile systems. One of the first applica- 
tions was to develop motors to assist take- 


off of aircraft. The next application of the 


acid-aniline propellant system was to pro- 


pel the WAC Corporal sounding rocket. This 
was the first American liquid propellant 
missile. 


The propulsion system used in the Cor- 
poral, a mobile surface-to-surface missile 
system, is of the same basic design. Other 
successful missiles using the same prin- 
ciple have recently been developed. 


Research continues at the Laboratory in 
the field of chemistry for propellants that 
will power the missiles of the future. Other 
activities such as chemical investigations, 
research and development in the motors, 
airframes, structures, guidance and all 
other parts of the missile system are con- 
tinuously in progress. Stimulating opportu- 
nities for individuals desiring a career in 
the areas of basic and applied research and 
actual development engineering are now 
available. 


AERONAUTICS MECHANICAL + STRUCTURES 


DYNAMICS « PROPULSION 


APPLIED MECHANICS «- INERTIAL ELEMENTS 


JET PROPULSION LABORATORY 


A DIVISION OF CALIFORNIA 


INSTITUTE OF TECHNOLOGY 


PASADENA CALIFORNIA 
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tropic flat strips whose moment-free 
mounted or fixed edges are subjected to 
uniformly distributed pressure. 

Creep Deflection of Viscoelastic Plate 
Under Uniform Edge Compression. T. 
H. Lin. J. Aero. Sci., Sept., 1956, pp. 
883-887. 18 refs. Derivation of the 
stress-strain-time relationship (expressed 
as a Laplace transform) of a viscoelastic 
body under plane stress and description 
of a method for determining the deflec- 
tion-time curve of a viscoelastic plate 
under edge thrust. 

Torsional Instability of Hinged Flanges 


Stiffened by Lips and Bulbs. George 
Gerard. U.S., NACA TN 3757, Aug., 
1956. 12 pp. 

Einfluss einer Nachgiebigkeit der 


Randeinspannung bei Membranen oder 
bei Platten grosser Durchbiegung unter 
gleichmdssiger Belastung. G. Sonntag. 


Forschung Gebiete Ing., Ausg. A, No. 1, 
1956, pp. 21-26. In German. Deriva- 


tion of a solution for thin circular rigid 
plates based on the Hencky approach, and 
of an approximate solution for square 
plates, using the energy method according 
to Féppl. 

Study of Size Effect in Sheet-Stringer 


Panels. J. P. Doman and Edward B. 
Schwartz. U.S., NACA TN 3756, July, 
1956. 25 pp. Investigation to deter- 


mine whether there are significant size 
effects in compressive strength of large 
Z-stiffened sheet stringer panels as com- 
pared with geometrically similar smaller 
models, and whether the prediction of the 
strength of large panels by model tests 
is reliable. 

Stress Singularities in Angular Cor- 
ners of Plates Having Linear Flexural 
Rigidities for Various Boundary Condi- 
tions. M. L. Williams and R. H. Owens. 
Proc. 2nd I.S. Natl. Congr. Appl. Mech., 
Ann Arbor, June 14-18, 1954, Reprint. 
5 pp. Eigenvalue solution of the small- 
deflection, variable thickness plate equa- 
tion in polar coordinates for various com- 
binations of homogeneous boundary con- 
ditions. Emphasis is placed on thickness 
distributions obeying any arbitrary power 
law in the radial direction. 


Testing 


High Temperature Strain Gage 
Research. Ed. by Francis G. Tatnall. I 
—Advances in the Art of High Tempera- 
ture Strain Gages. Fred N. Singdale. 
IIl—High Temperatures Strain Sensitive 
Alloys. Eugene Cohn, Arthur L. Abrams, 
Frank Gagliano, and Otto Schmitt. III— 
Printed Circuit and Wire Mesh High Tem- 
perature Strain Gages. Hyman Leggett. 
IV—Preliminary Report on High Tem- 
perature Synthetic Mica Strain Gages. 
Given A. Brewer. V—Experimental Pro- 
duction of Adherent Oxide Films Showing 
Promise as High Temperature Strain 
Gage Supports. Robert E. Fearon. VI— 
The Extensometer Micrometer. USAF 
WADC TR 55-209, May, 1955. 48 pp. 

Taking the Strain; Successful Pro- 
gramme of Structural Tests on the Heron 
Series 2. de Havilland Gazette, June, 
1956, pp. 73-75. Description of static 
structural tests under ultimate conditions 
on fuselage, wings, and empennage of a 
light transport aircraft. 


Thermal Stress 


Thermal Stresses in Viscoelastic Struc- 
tures. William Prager. ZAMP, May 
5, 1956, pp. 230-238. Analysis of the 
thermomechanical behavior of a statically 
indeterminate which consists of 
Maxwell bars, taking into account the 
effects of typical variations of loads and 
temperatures on truss stresses. 

Some Effects of Joint Conductivity on 
the Temperatures and Thermal Stresses 
in Aerodynamically Heated Skin-Stiff- 
ener Combinations. Appendix A—Spe- 
cial Case of Zero Joint Conductivity. 
Appendix B—Differential Equations for 
Calculating Temperatures. Appendix C— 
Thermal-Stress Equations. Appendix D— 
Nondimensional Ratios. George E. Grif- 
fith and Georgene H. Miltonberger. 
U.S., NACA TN 3699, June, 1956. 62 
pp. Investigation of aerothermo-effects 
in skin-stiffener combinations for different 
aerodynamic conditions, carried out in 
nondimensional form with an electronic 
differential analyzer Variations are 
made in the aerodynamic heat-transfer 
parameter, in the joint-conductivity pa- 
rameter, and in the ratio of skin width 
to skin thickness 

Photo-Thermoelasticity: An Explora- 
tory Study. George Gerard and Arthur 
C. Gilbert. NYU Coll. Eng. TR SM 
56-11 (AFOSR TN 56-237), May, 1956. 
38 pp. Investigation of optical and 
physical properties of a photoelastic 
model material Paraplex P-43 over the 
temperature range from room tempera- 
ture to —40°F 


truss 


Thermodynamics 


Temperature Charts for Internal Heat 
Generation. M. P. Heisler. (ASME 
Semi-Annual Meeting, Pittsburgh, June 
20-24, 1954.) Trans. ASME, Aug., 1956, 
pp. 1,187-1,192. 10 refs. Graphs for 
determining transient heat effects in 
simple bodies having uniform internal 
heat sources over a range of parameters 
covering Fourier’s modulus and relative 
boundary resistance between 0 and ~. 

Die Temperaturverteilung in einem 
Gleichstromdurchflossenen langen Metall- 
zylinder mit kreisférmigen Querschnitt. 
Stig Ekelé6f. Acta Polytechnica, No. 10 
(183), 1955. 38 pp. 27 refs. In Ger- 
man. Theoretical investigation of the 
space-time-temperature distribution in a 
very long, straight, circular, cylindrical 
metal conductor with current at constant 
voltage connected to it. A method for 
obtaining the solution for materials 
depending on temperature by means of an 
automatic integration device is described. 
Includes numerical examples with values 
for both constant and_ temperature- 
dependent materials. 

The Vortex Tube: High Altitude Test 
and Comparison with an Air Turbine. 
Appendix I—Vortex Tube Details. Ap- 
pendix II—Method of Calculation of Vor- 
tex Tube Performance. Appendix III— 
Method of Obtaining Equation for the 


Intake Drag. E. A. Timby and B. 
Pendlebury. Gt. Brit., RAE TN Mech. 
Eng. 215, Mar., 1956. 47 pp. 


Introduction to Irreversible Processes. 
J. de Boer. U. Wis. NRL Dept. Chem. 
Rep. WIS-AF 2, July 26, 1956. 27 pp. 
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Explanation of the theory of thermody. 
namics of irreversible processes, with illys. 
trative examples. 

Theoretical Studies on the Therma 
Decomposition of Nitric Oxide in a Shock 
Tube. Sterge T. Demetriades and Henry 
Aroeste. GALCIT AF 18(603)-2 TR 
3, June, 1956. 39pp. Ill refs. Analysis 
to determine favorable conditions ‘for 
experimental study of the phenomenon 
with results in the form of charts si 
computing the length of test section 
necessary for various percentages of 
decomposition and various initial pres. 
sure ratios. 


Combustion 


Non-Stationary Combustion Studies, 
D. Bitondo, C. Hedges, E. Knuth, and 
N. Thomas. ADC Rep. R-4(q), June 29, 
1956. 3 pp. Discussion of the modi- 
fications of an apparatus used in combus- 
tion studies made in the spark circuit and 
in the sensing device for determining 
shock-wave passage. 

Spectrographic Examination of Gaseous 
Flames at High Pressure. J. Diederich- 
sen and H. G. Wolfhard. Prac Royal 
Soc. (London), Ser. A, July 10, 1956, pp. 
89-103. 12 refs. Investigation into the 
light emission of both premixed and 
diffusion flames burning at pressures up to 
40 atmospheres. 

The Conditions for Self-Excitation of a 
Singing Flame. Iu. I. Neimark and G. 
V. Aronovich. (Zhurnal Experimentalnoi 
t Teoreticheskoi Fistki, May, 1955, pp. 
Soviet Physics - JETP, Nov., 
1955, pp. 475-483. Translation. Sta- 
bility analysis from Rayleigh’s considera- 
tions taking into account the phenomeno- 
logical delay in burning. 

Space Heating Rates for Some Pre- 
mixed Turbulent Propane-Air Flames. 
Burton D. Fine and Paul Wagner. U.S, 
NACA TN 3277, June, 1956. 26 pp. 
10 Experimental investigation 
extending Simon-Wagner results to meas- 
urements over a larger range of flow 
conditions in order to evaluate critically 
the concept and its utility and to inves- 
tigate directly the generality of the equa- 
tion Z = 6.1 U,/d. 

Continued Investigations of the Oppos- 
ing Jet Flameholder. Allan Schaffer and 
Ali Bulent Cambel. Jet Propulsion, July, 
1956, pp. 576-578. Test results showing 
blowoff curves for a pure air jet and a 
stoichiometric jet, for the effects of a jet 
heat exchanger, and for various jet supply 
pressures. 

Applications of the Electronic Probe to 
the Study of Turbulent Flames. D. W. 
Denniston, Jr., J. R. Oxendine, D. H. 
Kanpschaefer, B. Karlovitz, and D. §. 
Burgess. U.S., Bu. Mines TR 1201 
(AFOSR TN 56-173), Mar. 26, 1956. 25 
pp. Description of a negatively biased 
bare-wire probe with suitable amplifica- 
tion and pulse height discrimination to be 
used in detecting flame fronts in turbu!cut 
motion. Includes typical measuzements 
of the most probable position of the flame, 
its own displacement from this position, 
and its degree of continuity during 
unstable burning. The treatment of data 
and the precision and limitations of the 
method are discussed. 

Carbon Formation from Acetylene in the 
Shock Tube. E. N. Bennett. CIT Gug- 
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Here/ at MeDonn@fl Aircraft Corporation aeronautical 
engineering histofy is being made by our new “Engineering 
Campus.” The gf chitect’s rendering of this 16-acre develop- 
ment. adjoinigg our plant gives an idea better than any 
words of the’great steps being taken at McDonnell to pro- 
vide its en#ineers witha new kind of work environment 
for ‘creative thinking and effective achievement. 


The development’s imaginative scope. colorful beauty and 
detailgd attention to working comfort are attracting nation- 
wide attention as a logically ultimate answer to a vital need 
of the aircraft industry. One building is completed and 
occupied, and a second is already under construction. The 
entite group upon completion at a cost of more than 
$6,000.000 will comprise integrated facilities of, by and 
for engineers. 
\ 

This fytest chapter in McDonnell’s record of pioneering 
achievements, is another significant indication why the 
company fm orily 17 years has grown from two individuals 
toa team of more than 17,000 persons. We are now work- 
ing on a backlOg ‘of orders for fighters, missiles and helli- 
copters that exceeded two-thirds of a billion dollars on 
June 30. 


Newest McDonnell planescin production for national secu- 
rity are the versatile F3H-2N Demon, fastest all-weather 
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Teative engineers 


fighter in the Navy, and three different versions of the 
world’s most powerful fighter, the supersonic F-101 
Voodoo, for the Air Force. Work is in progress on four 
advanced missiles, including Talos. 


We salute the engineers who have done so much to make 
possible our contributions to the nation’s airpower. We 
believe a good part of the accomplishments stems from 
a fundamental policy that takes into account the highly 
individual capacities and aspirations of able and productive 
men. The “Engineering Campus” program is our direct- 
action pledge to our engineers—those now at McDonnell 
and those who will join them—that we are determined to 
maintain and develop further an environment that fosters 
the sort of creative achievements on which continued prog- 
ress depends. 


Professional and economic advancement await qualified 
engineers at McDonnell Aircraft. We provide free in-plant 
engineering courses taught by our own top engineers and 
sponsor graduate and undergraduate programs at the two 
outstanding universities in St. Louis. We invite you to 
investigate joining our team of the ablest minds in aero- 
nautics — united in making fundamental progress in 
advanced airplanes, helicopters and guided missiles—by 
writing to R. F. Kaletta, Technical Placement Supervisor. 


POST 


MIDONNELL 


Cosportion 


OFFICE BOX 516, ST. LOUIS 3, MISSOURI 
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genheim Jet Propulsion Cen., AF 18(603) 
TR 2, June, 1956. 85 pp. 12 refs. 
Theoretical and experimental investiga- 
tion to determine analytically the state 
of acetylene behind incident and reflected 
shocks for a wide range of shock strengths 
and for various excitation models of the 
internal degrees of freedom, and _ to 
establish experimentally the shock 
strengths required to initiate decomposi- 
tion of acetylene at various pressures. 
Analysis includes estimates of the mini- 
mum times spent by the gas in a uniform 
state at elevated temperatures behind 
reflected shocks. Tests include tempera- 
ture estimates, shock-velocity measure- 
ments, and spectroscopic studies to deter- 
mine the light emitted in a narrow wave 
length during chemical decomposition 
behind reflected shocks. 

Stability of Systems Containing a Heat 
Source—The Rayleigh Criterion. Boa- 
Teh Chu. U.S., NACA RM 56D27, 
June 26,1956. 25pp. 10refs. Analysis 
of oscillatory phenomena in systems con- 
taining an energy source to establish the 
condition under which a small disturbance 
is amplified in the course of time by its 
interaction with a heat source. 

The Influence of Combustion on the 
Thermal Efficiency of Simple Gas-Tur- 
bine Cycles. Brown Boveri Rev., Mar.- 
Apr., 1956, pp. 68-78. Theoretical inves- 
tigation of a gas-turbine cycle with single- 
stage compression and expansion in 
order to calculate the change in efficiency 
as compared with a basic cycle without 
combustion. Traupel’s restriction to loss- 
less cases with an ideal gas of constant 
specific heat as working medium is 
relaxed. The entire problem of combus- 
tion—internal and external to the medium 
circuit—is examined. 

A Relaxation-Time Model for Free 
Radical Concentration. J. Calvin Gid- 
dings. U. Wis. NRL Dept. Chem. Rep. 
SQUID-6, June 22, 1956. 18 pp. 12 
refs. Examination of the kinetic proc- 
esses in a flame front using a relaxation- 
time model to find an expression for radi- 
cal concentration at the point of maximum 
reaction rate. 


Heat Transfer 


Solution of Transient Heat-Transfer 
Problems by the Resistance-Network 
Analog Method. G.Liebmann. (ASME 
Diamond Jubilee Meeting, Chicago, Nov. 
13-18, 1955.) Trans. ASME, Aug., 1956, 
pp. 1,267-1,272. Analysis for extending 
the resistance-network analog method for 
the solution of transient-heat-conduction 
problems to provide solutions for problems 
involving heat transfer across a surface or 
generation and absorption of heat in the 
interior of the system, and for retaining 
the flexibility and stability of the original 
procedure. 

The Mathematical Foundations of the 
Theory of Irreversible Thermodynamical 
Processes. Kiril Popov. (Zhurnal Ex- 
perimentalnot i Teoreticheskot Fisiki, Mar., 
1955, pp. 257-282.) Soviet Physics - 
JETP, Sept., 1955, pp. 336-353. Trans- 
lation. Analysis of irreversible thermo- 
dynamic processes from a mathematical 
viewpoint showing that the Onsager rela- 
tions are first integrals of a more general 
set of differential equations. Application 


is made to the phenomenon of thermal 
conduction and to the theory of phases in 
adiabatically isolated systems. 

Heat Transfer From a Rotating Plate. 
R. L. Young ASME Semi-Annual 
Meeting, Pittsburgh, June 20-24, 1954.) 
Trans. ASME, Aug., 1956, pp. 1,163—1,168 
Experimental investigation of an upward- 
facing, heated circular plate rotated in 
ambient air about a vertical axis normal to 
its surface in order to obtain curves and 
equations as aids in the calculation of heat 
transfer by convection from such a surface. 
Includes comparison with previously pro- 
posed analytical solutions for the surface 
coefficient of heat transfer. 

Effect of Phosphate Coatings on Tem- 
perature of Metal Parts Exposed to Flame 
Environments. George C. Fryburg, Nor- 
man H. Katz, and Sidney L. Simon. 
U.S., NACA TN 3279, July, 1956. 20 
pp. Illrefs 

Use of Numerical Analysis in the Tran- 
sient Solution of Two-Dimensional Heat- 
Transfer Problem with Natural and Forced 
Convection. Appendix I, II—Stability 
Criteria. Appendix I11—Truncation 
Error. S. K. Hellman, George Habet- 
ler, and Harold Babrov. (ASME Semi- 
Annual Meeting, Pittsburgh, June 20-24, 
1954.) Trans. ASME, Aug., 1956, pp 
1,155-1,161 

Entropy in Quantum Statistics. R. L. 
Stratonovich. (Zhurnal Experimentalnoi 
t Teoreticheskoi Fisiki, May, 1955, pp. 
547-558.) Soviet Physics - JETP, Nov., 
1955, pp. 426-434. Translation. Con- 
sideration of the state and entropy of 
quantum mechanical systems for non- 
orthogonal representations of the wave 
function 

On the Stability of a Homogeneous 
Phase. I—General Theory. II—Deter- 
mination of the Limit of Stability. III 
Theory of the Crystallization Curve. I. 
Z. Fisher. (Zhurnal Experimentalnoi i 
Teoreticheskoi Fisiki, Mar., Apr., 1955.) 
Soviet Physics - JETP, July, Sept., 1955, 
pp. 154-160, 273-283. Translation. 
Development of a theory for thermody- 
namic instability of a homogeneous phase 
in terms of the radial distribution function, 
used to determine the limits of stability. 
Application to the study of the loss of 
stability in a liquid due to its crystalliza- 
tion, justifying Simon’s empirical equa 
tion of the melting curve of ordinary 
materials. 


Vertical Take-Off Aircraft 


Variety of VTOL Aircraft Types Now 
Feasible. K. S. Coward, E. R. Hinz, R. 
J. Woods, and Charles H. Zimmerman 
(SAE Natl. Aero. Meeting, New York, Apr. 
11, 1956, Paper.) SAE J., July, 1956, 
pp. 68-74. Abridged. Discussion of 
VTOL aircraft including analysis of 
fundamentals of direct lift, and types, 
performance, and capabilities of the VTOL 
aircraft. 

Senkrecht startende Flugzeuge; Der 
Coleopter, eine Optimallésung. Heinrich 
Hertel. Luftfahrtiechnik, Oct. 15, 1955, 
pp. 98-108. In German. General sur- 
vey of VTOL design specifications, with 
power-plant, load, stability and control 
considerations, and aerodynamic and 
static characteristics of a circular-wing 
aircraft. 


i956 


Water-Borne Aircraft 


Ultraschallwelle am Tragfliigelprofil be; 
Hohlsog. I. F. Numachi. Fo schung 
Gebiete Ing., Ausg. A, No. 3, 1956, pp 
77-84. In German. Measurements of 
the frequency spectra of ultrasonic waves 
emitted by cavitation occurring on hydro. 
foils at various angles of incidence 

Preliminary Investigation of Self. 
Excited Vibrations of Single Planing Sur. 
faces. Elmo J. Mottard. U.S., NAC4 
T'N 3698, June, 1956. 19 pp. Tests on 
a practical hydro-ski configuration to 
determine the effects of varying some of 
the structural and geometric properties 
and to determine the degrees of freedom 
required for the vibrations to occur 

Investigation of High Length/Beam 
Ratio Seaplane Hulls with High Beam 
Loadings—Hydrodynamic Stability. 
—The Effect of Afterbody Angle on 
Stability and Spray Characteristics. XXI- 
Some Notes on the Effect of Waves on 
Longitudinal Stability Characteristics, 
D. M. Ridland. Gt. Brit., ARC CP 236, 
ARC CP 237 (Feb., Aug., 1955), 1956. 
31, 58 pp. 33 refs. BIS, New York, 
$0.81, $1.44. 

The Hydrodynamic Characteristics of 
Modified Rectangular Flat Plates Having 
Aspect Ratios of 1.00, 0.25, and 0.125 and 
Operating Near a Free Water Surface. 
Kenneth L. Wadlin, John A. Ramsen, and 


Victor L. Vaughan, Jr. U.S., NACA 
Rep. 1246, 1955. 50 pp. Supt. of Doc, 
Wash. $0.40. 


Wind Tunnels & Research 
Facilities 


Laboratories et Productivité. M. G. 
Gilles and M. J. Cartier. Tech. et Sci 
Aéronautiques, No. 2, 1956, pp. 71-77. 
In French. Discussion of test facilities 
installation, testing procedures, and 
exploitation of obtained results. Applica- 
tion is to various types of research 

NACA Transonic Wind-Tunnel Test 
Sections. Ray H. Wright and Vernon G 
Ward. U.S., NACA Rep. 1231, 1955 
38 pp. Supt. of Doc., Wash. $0.40 
Results of tests based on an approximate 
subsonic theory for the solid-blockage 
interference in circular wind tunnels with 
walls slotted in the direction of the flow 
in order to prevent the choking phenome- 
non characteristic of closed tunnels 

Transonic Wind Tunnel Test Sections. 
Paul F. Maeder and Albert D. Wood. 
ZAMP, May 5, 1956, pp. 177-212. 48 
refs. OSR-sponsored review of the flow 
phenomena in transonic wind tunnels tak- 
ing into account blockage, angle of 
incidence, buoyancy, and streamline cur- 
vature interferences. 

Planning for Hypersonic Wind Tunnels. 
Yusuf A. Yoler. Aero Dig., July, 1956, 
pp. 62, 63. Discussion of shock tunnels, 
gun tunnels, and electric mass accelerators 
for hypersonic testing. 

La Construction et le Calibrage d'une 
Soufflerie Supersonique dans Laquelle il 
est Possible de Faire Varier le Nombre de 
Mach d'une Facon Continue. M. John 
Rosén. Tech. et Sci. Aéronautiques, No. 
2, 1956, pp. 81-84. In French. Design 
and calibration of a supersonic test 

(Continued on page 175) 
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AERODYNAMICS 


Supersonic Inlet Diffusers and Introduction 
to Internal Aerodynamics. Rudolf Hermann 
Minneapolis, Aeronautical Division, Minneap- 
olis-Honeywell Regulator Co., 1956. 378 pp., 
illus., figs., tables. $16. 

The requirements of high diffuser efficiency in 
supersonic flight of turbojet and ram-jet power 
plants has heretofore not been given systematic 
and comprehensive treatment in a single volume 
Dr. Hermann, who serves as a consultant to the 
Aeronautical Division, Minneapolis-Honeywell 
Regulator Company, has filled this need in a 
text directed toward the scientists and engineers 
who work with inlets and inlet-control problems 
and in the field of internal supersonic aerody- 
namics. The basic fundamentals of one-dimen- 
sional, two-dimensional, and axially symmetric 
diffusers ate analyzed and wherever possible 
substantiated by experimental investigations. 
Many of these were performed by the author at 
the Rosemount Aeronautical Laboratories, Uni- 
versity of Minnesota, where he is Professor of 
Aeronautical Engineering. One hundred and 
fifty full-page schematics, shadowgraph flow 
pictures, tables, and graphs appear in the text 
which also includes four pages of references to 
previously published material on supersonic 
diffusers. 

Contents: (1) Various Diffuser Types, Their 
Functions and Applications in Supersonic 
(2) Diffuser with the Normal 
Shock in Front: Flow Process Efficiency and 
the Starting or Swallowing Process in One- 
Dimensional Analysis. (3) Diffuser with the 
Normal Shock Swallowed: Flow Process and 
Efficiency in One-Dimensional Analysis. (4) 
The Two-Dimensional Symmetric Multiple 
Shock Diffuser with a Wedge of Constant Angle 
Installed in a Duct. (5) The Two-Dimensional 
Multiple Shock Inlet Diffuser with Equal Upper 
and Lower Wedge Angles. (6) Analysis of a 
Two-Dimensional Multiple Shock System for 
Optimum Pressure Recovery. (7) Comparative 
Evaluation of Two-Dimensional Unsymmetric 
Multiple Shock Inlet Diffusers Composed of 
Wedges with Unequal Angles or Angular Steps, 
(8) The Axially Symmetric Spike Inlet Diffuser- 
Basic Analysis of On-Design Mach Number 
Operation. (9) The Axially Symmetric Spike 
Inlet Diffuser-Experimental Data and Compari- 
son with Analysis. Appendix of Numerical 
Tables. References. Terminology. Index. 

Principles of Turbomachinery. D. G. Shep 
herd. New York, The Macmillan Company, 
1956. 463 pp., diagrs. $10. 

An outline of the guiding principles underlying 
all forms of turbomachines, with a more detailed 
analysis of the most important particular types 
from the viewpoint of the mechanical engineer 
Turbomachinery includes, in this volume, pumps, 
fans, compressors, and steam, gas, and hydraulic 
turbines. The author, Professor of Mechanical 
Engineering, Cornell University, has two ob- 
jectives in the handling of the material. The 
first is a general treatment of all forms of turbo- 
machines, covered by the chapters on dimensional 
analysis, energy transfer, thermodynamics of 
compressible flow, and the flow of fluids in the 
Passages and over the blades of turbomachines. 


Aerodynamics 


The second objective is the application of these 
principles to the several kinds of pumps, com- 
pressors, and turbines in sufficient detail to allow 
the major design and performance factors to be 
appreciated. No attempt has been made to 
introduce design from the mechanical stand- 
point. Intended as a textbook, a knowledge of 
fluid dynamics and thermodynamics has been 
assumed, but in most cases the particular ex- 
pressions required have been  recapitulated 
briefly. 

The Structure of Turbulent Shear Flow. A. 
A. Townsend. London, New York, Cambridge 
University Press, 1956. 315 pp., diagrs. $7.50. 

This is an attempt at a systematic and com- 
prehensive discussion of all kinds of turbulent 
motion and an analysis of the processes which 
occur. Dr. Townsend, Professor at Emmanuel 
College, Cambridge, develops a unified view of 
the dynamics and shows how it accounts quanti- 
tatively for both the mean motion and the tur- 
bulent motion in jet, wake channel, boundary 
layer, and rotating cylinder flow. Many of 
these flows are important factors in meteorology, 
oceanography, astrophysics, chemical engineer- 
ing, and aeronautics. The book is of potential 
value to graduates in university departments of 
mathematics, engineering, and physics, to the 
staffs of many research laboratories, and to the 
theoretician, since it presents the experimental 
data and basic ideas that any mathematical 
analysis of turbulent motion must take into 
account. 

Contents: (1) Introduction. (2) The Equa- 
tions of Motion in Shear Flow. (3) Flows With- 
out Appreciable Variation of Mean Velocity. 
(4) Uniform Distortion of Homogeneous Turbu- 
lence. (5) Free Turbulence: Unrestricted Shear 
Flow. (6) Free Turbulence: Motion of the 
Large Eddies. (7) The Turbulent Wake. (8) 
Turbulent Jets. (9) Turbulent Flow in Pipes 
and Channels. (10) Boundary-layer Flow With- 
out Pressure Gradient. (11) Boundary-layer 
Flow in a Pressure Gradient. (12) Shear Flow 
between Rotating Cylinders. 
Index. 

Proceedings of the 4th Midwestern Conference 
on Fluid Mechanics; Held at Purdue University, 
September 8-9, 1955. (Purdue University, 
Engineering Experiment Station, Bulletin No. 
128.) Lafayette, Ind., Purdue 
1955. 370 pp., illus., diagrs. $6.00. 

Contents: Summary of Turbulence Measure- 
ments in the NACA Lewis 6-by-60-Inch Bound- 
ary-Layer Channel, Virgil A. Sandborn. Cali- 
bration of a Hot Wire Anemometer for Low 
Velocities in Steady Flow with Temperature 


Bibliography. 
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Gradients, L. A. Hromas and C. P. Kentzer. 
Nonisoenergetic Turbulent Compressible Jet 
Mixing with Consideration of its Influence on 
the Base Pressure Problem, R. H. Page and H. H. 
Koost. Measurements of the Energy Separation 
in a High Velocity Vortex Type Flow, E. R. G 
Eckert and J. P. Hartnett. On the Integration 
of a Class of Differential Equations Occurring in 
Boundary Layer and Other Problems, Henry E 
Fettis. Momentum and Energy Equations for 
Incompressible Turbulent Flow, Tien-To Siao 
On the Use of Thermodynamic Concepts in 
Fluid Mechanics, F. Landis. A Theoretical 
Investigation of Turbulent Boundary Layer 
Flow with Heat Transfer at Supersonic and 
Hypersonic Speeds, Jerome Persh. Application 
of Piston Theory to Certain Elementary Aero- 
elastic Problems, Garabed Zartarian, Alfred 
Heller, and Holt Ashley. The Boundary Layer 
Development on a Broad Crested Weir, J. W. 
Delleur. The Flow Through Slits, B. A. Bakh- 
meteff and N. V. Feodoroff. Wave Resistance 
on Trailing Ships, A. G. Strandhagen and F. M. 
Kobayashi. Forces Acting on a Submerged 
Body Moving Under Waves, B. V. Korvin- 
Kroukovsky. On the Mechanism of Turbulent 
Flow in a Liquid, Robert L. Evans. Transonic 
Lift over the Front Surface of a Symmetric 
Diamond Wedge, Robert W. Truitt. Hyper- 
sonic Viscous Flow over a Wedge, S. I. Pai and 
S. F. Shen. Hypersonic Viscous Flow on Nonin- 
sulated Flat Plate, Ting-Yi Li and H. T. Naga- 
matsu. The Second Rhombus of a Supersonic 
Free-Jet Wind Tunnel as a Region of Variable 
Mach Number, J. D. Lee, R. H. Miller, and G. L. 
Von Eschen. Free Flight Boundary Layer 
Transition Studies on Cones, W. R. Witt, Jr. 
Fluid Motion in a Circular Vortex Ring, John 
Krosbein. Evaporation from Sprays, Walter 
Daskin. A Generalized Method of Computing 
the Influence of Spacing and Stagger on the 
Velocity Distribution of a Profile in a Cascade, 
F. S. Weinig. The Induction of Flow by an 
Injector Nozzle, John D. Lee. 

Molecular Flow of Gases. G. N. Patterson. 
New York, John Wiley & Sons, Inc., 1956. 217 
pp., illus., diagrs. $7.50. 

In this book, the characteristics of a gas flow 
are determined from an assumed molecular 
model and the distribution of the velocities of 
the molecules. No attempt is made to give a 
complete treatment of either gas dynamics or 
the kinetic theory of gases. The primary pur- 
pose is to present a transition from the continuum 
to the molecular. Some discussion of strong 
shock waves is included in which effects arising 
from more complex molecules are considered. 
Intended for engineers and physicists, the level 
of mathematics employed does not differ greatly 
from that normally required in the continuum 
theory of fluid mechanics. The text is a result 
of 7 years of lectures to advanced students in 
engineering, physics, and applied mathematics 
at the University of Toronto, where the author is 
Director, Institute of Aerophysics, and Chairman, 
Department of Aeronautical Engineering and 
Aerophysics, School of Graduate Studies. 

Contents: (1) The Fundamental Equations. 
(2) Isentropic Flow. (3) Basic Equations for 
Nonisentropic Flow. (4) Nonisentropic Flows. 
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(5) Mechanics of Rarefied Gases 
Index 

The Generation of Electricity by Wind Power. 
E. W. Golding. New York, Philosophical Li- 
brary, Inc., 1956 
$12. 

A detailed account of the research and develop- 
ment work done in Great Britain and other coun- 
tries in an effort to harness wind power for the 
generation of electricity on a significant scale. 


Appendix. 


318 pp., illus., maps, tables 


Three aspects of the subject are developed—wind 
behavior and its determination, wind-driven 
machines, and the economic use of wind power 
under different conditions. Selected bibliog- 
raphies are given at the end of each chapter, 
and the appendixes comprise a comprehensive 
list of meteorological references and a _ three- 
language (English, French, German) glossary of 
wind-power terms. The author is in charge of 
the Rural Electrification and Wind Power Depart- 
ment of the Electrical Research Association in 
Britain. 


CAREERS 


Your Career as an Engineer in Aviation. New 
York, Institute of the Aeronautical Sciences, Inc., 
1956. 20pp., illus., diagrs. 

The complexities of today’s aircraft demand the 
varied services of the mathematician, the physi- 
cist, and the electrical, chemical, mechanical, 
metallurgical, and electronics engineer. For 
the student planning a career, this booklet de- 
scribes the field of aviation and the part engineers 
and scientists play in it. In this booklet will 
be found the ‘‘Subject Requirements for Admis- 
sion to College,’’ followed by a brief description 
of the costs of education. ‘‘Two Typical Pro- 
grams of Study”’ covering the complete under- 
graduate degree are outlined, and finally there isa 
listing of engineering colleges in the United 
States, Alaska, and Hawaii. 


DOCUMENTATION 


Machine Literature Searching. James W. 
Perry, Allen Kent, and Madeline M. Berry. New 
York, Interscience Publishers, 1956. 162 pp., 
diagrs. $4.00. 

In all fields of science, the literature is now so 
enormous and is growing so rapidly that a litera- 
ture search can be an arduous and unsatisfying 
undertaking. This book describes the theory 
underlying searching machines and the technique 
of making the best use of them. For a number of 
years, the authors have been studying and de- 
veloping new methods for analyzing, indexing, 
and coding the subject content of graphic records 
so that machine searching may be applied to its 
selection and retrieval. The 15 essays offer no 
universal solution; rather, they explore the 
fundamental principles that are essential to a 
better understanding of mechanized bibliographic 
organization as it is influenced by and related to 
such problems as proper machine design, index- 
ing, terminology, code development, semantic 
units, definition, and operational criteria 

National Bibliographical Services, Their Crea- 
tion and Operation. Knud Larsen. (UNESCO 
Bibliographical Handbooks, No. 1.) Paris, 
UNESCO; New York, Columbia University 
Press, 1953. 142 pp., diagrs. $1.75 


ELECTRONICS 


Transistors Handbook. William Dealtry Be- 
vitt. Englewood Cliffs, N.J., Prentice-Hall, Inc., 
1956. 410 pp., diagrs. $9.00 

This handbook contains a survey of current 
information on transistors, their circuits, and their 
applications in modern industry. The first half 
of the book deals with fundamental concepts, 
the different types of transistors, their character- 
istics and their measurements, and the circuit 
properties and behavior of transistors. The 
last half of the work covers practical applications 
and circuits of transistors. The appendage in- 
cludes both an author and subject index plus an 
appendix that contains a chart listing commer 
cially available transistors together with their 
characteristics. The author is Transistor Appli- 


cations Engineer, Commercial Engineering De- 
partment, CBS-Hytron 
Electronics in Industry. George M. Chute 
2nd Ed. New York, McGraw-Hill Book Com- 
pany, Inc., 195¢ $7.50. 
A treatise that deals with the basic funda- 


431 pp., illus., diagrs 


mentals of electronic devices; intended for those 
who use and service such equipment. The 
first edition appeared in 1946. The present re- 
vision substitutes recent designs of industrial 
controls, while those for resistance welding are 
covered more completely. A new chapter has 
been added on simple closed-loop systems which 
gives a background for feedback controls. Most 
chapters are followed by problems that have been 
Material 
is so arranged and supplemented that it may be 


used in class instruction by the author 


used for a general or survey course by technical 
institutes or for university students of mechanical, 
chemical, civil, electrical, or aeronautical engi 
neering. The author is Professor of Electrical 
Engineering, University of Detroit 

ASTM Standards on Metallic Electrical 
Conductors, Dec., 1955. Sponsored by ASTM 
Committee B-1 on Wires for Electrical Conduc- 
tors. Philadelphia, American Society for Test- 
ing Materials, 195¢ 298 pp., diagrs., 
$3.50. 


tables. 


INSTRUMENTS 


Symposium: The Vortex Tube as a True 
Free Air Thermometer; Held May 24, 1955, at 
Armour Research Foundation. Organized at 
the Request of the Air Research and Develop- 
ment Command Wright Air Development 
Center. Chicago, Armour Research Founda- 
tion, Illinois Institute of Technology, 1955. 167 
pp., illus., diagrs. 

Contents: (1) Requirements for Vortex Ther- 
mometers, John C Bellamy. (2) Thermal 
Phenomena in a Vortex, C. Desmond Pengelley. 
(3) Investigation of the Energy Distribution in a 
High Velocity Vortex Type Flow, E. R. G. Eckert 
and J. P. Hartnett. (4) Cornell Aeronautical 
Laboratory Vortex Free Air Thermometer, Jack 
Beneke. (5) The Vortex Tube as an Acoustic 
Generator with Application to True Airspeed 
Measurement, James P. Nicklas. (6) The In- 
ternal Characteristics and Probe Variables of the 
NRL Axial-Flow Vortex Thermometer, R. M 
Schecter and R. E. Ruskin. (7) Operational 
Characteristics of the NRL Axial-Flow Vortex 
Thermometer, R. M. Schecter and R. E. Ruskin 
(8) Performance of the ARF Vortex Free Air 
Thermometer at Subsonic and Supersonic Ve- 
locities, Jack C. Hedge. (9) NRL Vortex Ther- 
mometer Installation and Reliability Experience, 
C. A. Stiefelmaier 

Instrument Engineering, Volume 3, Applica- 
tions of the Instrument Engineering Method, 
Part 1. Charles S. Draper, Walter McKay, and 
Sidney Lees. New York, McGraw-Hill Book 
Company, Inc 1955 79 pp., illus., figs., 
$17.50 
This volume, intended for students and engi- 


diagrs 


neers interested in the theory and applications of 
measuring systems, is the third in a series devoted 
to the study of the concepts, theory, and methods 
of instrument engineering. The previous vol- 
umes have already been reviewed in the AERO- 
NAUTICAL ENGINEERING REVIEW—Volume 1 in 
the February, 1953, issue and Volume 2 in the 
September, 1954, issue 

Since Volume 3 is written with considerable 
repetition of the fundamentals of Volume 1 and 
the mathematical principles of Volume 2, it will be 
sufficient as a self-contained text and reference 
book on measuring instruments and systems 
The necessary information is presented in the 
form of mathematical results plotted as non- 
dimensional curve families. Methods for solving 
measurement problems are built up by means of 
typical examples, beginning with thermometers 
that have the simplest possible performance 
equations Following are discussions on instru- 
ments and measuring systems of increasing com- 
plexity, including electromechanical measuring 
devices, pressure-measuring systems, integrators 
and differentiators, analog computers, and vi- 


bration-measuring equipment. The Concepts, 
symbols, and methods developed in this Pattern 
are equally effective for handling the theory of 
systems that include feedback loops. Applic. 
tions of this type will make up the subject Matter 
of Part 2 of Volume 3. Stress in Preparation has 
been placed on the complete treatment of funda. 
mentals, supplemented by numerical datg in 
nondimensional plots. The text is highlighteg 
by nearly 200 illustrations and 100 tables and 
charts and is documented with a 15-page bibli. 
ography. The authors are all with the Aeronayj. 
cal Engineering Department, Massachusetts 
Institute of Technology; C. S. Draper as Head 
W. McKay as Associate Professor, and S_ Lees 
as Assistant Professor. 

Random Processes in Automatic Control, J 
Halcombe Laning, Jr., and Richard H. Battin 
New York, McGraw-Hill Book Company, Ine 
1956. 434 pp., diagrs., tables. $10. 

A book for the practical engineer and the 
theoretical research scientist. It provides g 
basic background in the theory of random signals 
and noise together with practical techniques to 
be used in the analysis and synthesis of linear 
control systems that are subjected to random 
inputs. The subject matter in the field has be 
come so extensive that the authors have had to 
exclude information theory and its applications 
to radar, communications, and digital-data prog. 
The first half of the book deals with 
the basic concepts of probability and random 
time functions. Special emphasis is given to 
the nonstationary problems and the use of modern 


essing 


automatic computing equipment to provide 
feasible solutions to such problems. Detailed 
examples illustrate each new idea presented in 
the text. Most chapters contain a collection of 
problems of varying degrees of difficulty. The 
material in this text is the outgrowth of a set 
of lecture notes, first prepared in 1951, to meet 
the needs of a course on random processes in the 
field of automatic control given by the authors in 
the Aeronautical Engineering Department at 
Massachusetts Institute of Technology. Dr 
Laning and Dr. Battin serve as Deputy Associate 
Director and Assistant Director, respectively, 
at the Instrumentation Laboratory of M.I.T. 

Panel Discussion on Pyrometric Practices, 
Presented at the 58th Annual Meeting, ASTM, 
Atlantic City, N.J., Jume 30, 1955. (ASTM 
Special Technical Publication No. 178.)  Phila- 
delphia, American Society for Testing Materials 
1956. 41 pp., illus., diagrs. $1.50 

Contents: Thermocouple Immersion Errors 
J. M. Berry and D. L. Martin. Summary of 
Pyrometric Procedure Employed by One Com- 
pany in Creep-Rupture Testing and an Analysis 
of Results Obtained, W. E. Leyda. Creep and 
Rupture Test Pyrometry, Charles R. Wilks 
General Discussion. 


MACHINE ELEMENTS 


Handbook of Fastening and Joining of Metal 
Parts. Vallory H. Laughner and Augustus D 
Hargan. New York, McGraw-Hill Book Com- 
pany, Inc., 1956. 622 pp., illus., diagrs., tables 
$15. 

The design engineer and the production engi- 
neer will find this handbook both a reference and 
an idea source dealing with all known methods of 
joining metal parts. The volume covers such 
methods of fastening and joining as screw threads 
and nuts, types of welding, collars, couplings, 
Detailed 
information is given on standards and suitability 


hinges, keys, brazing, and soldering 


of various methods for similar and dissimilar 
metals. All types of resistance welding, gas 
welding, and arc welding are described. There 
are data for welded strengths in various ferrous 
and nonferrous alloys, plus advantages and dis- 
advantages of kinds of joints. One section lists 
the types of resins and adhesives that can be 
used for fastening metal to metal and metal to 
other materials. A unique feature of the book is 
a 200-page section in picture-and-caption style 
that gives practical answers to special problems 
in fastening and joining metals 
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This is the ‘business end” of a shock tunnel. The 
photograph illustrates its use to obtain data on 
hypersonic flight... data which will be needed 
to engineer intercontinental missiles. The shock 
tunnel was conceived by a Cornell Aeronautical 
Laboratory engineer six years ago and was ini- 
tially developed under a self-supported internal 
research program, and later by Air Force con- 
tract. Today the tunnel has become a basic tool 
for the study of high-speed gas dynamics. 

The hypersonic program is one of the 160 tech- 
nical research projects that are currently in prog- 
ress at C.A.L. These projects deal with almost 
every area of research related to the challenging 
problems of modern flight. Electronics, mate- 
rials, atmospheric physics, weapon systems, and 
applied mathematics are among the many stim- 
ulating areas of research available at C.A.L. for 
the professional man with an inquisitive mind. 


CORNELL AERONAUTICAL 
LABORATORY, INC. 
OF CORNELL UNIVERSITY 
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HY PERSONICS 


AT CORNELL AERONAUTICAL LABORATORY 
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The story behind Cornell Aeronautical Laboratory 
and its contributions to aeronautical progress is vividly 
told in a 68-page report, “A Decade of Research.” 
Whether you are interested in C. A. L. as a place to work 
or as a place to watch, you will find “A Decade of 
Research” both useful and pertinent. Mail in the cou- 
pon now for your free copy. 


G. A. Kopp 


CORNELL AERONAUTICAL 


Buffalo 21, New York 
Please send me “A Decade gftte ch.”’ 
4 
Name \e~ 
& 
Street of 
ce” 
City ev Zone State 


O Please send employment information. 
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Regular TYPE N Connector 


how SUBMinax® RF CONNECTORS | 
SAVE SPACE & WEIGHT for VICTOR | 


This 30 Channel 400 cycle Airborne Tape Recorder built 
by Victor Adding Machine Company is a successful 
example of miniaturization. The design called for one 
section of thirty-seven 50 ohm RF receptacles and thirty 
plug/cable assemblies. Victor achieved a space reduc- 
tion of 75% and a weight reduction of 83% by using 
AMPHENOL Subminax RF cable and connectors instead 
of comparable standard-size Series N connectors and 
matching cable! 


Your miniaturization projects can show equally dra- 
matic space/weight savings! Specify AMPHENOL Sub- 


Cams: Design, Dynamics, and Accuracy, 
Harold A. Rothbart. New York, John Wiley & 
Sons, Inc., 1956. 350 pp., illus., diagrs., tables 
$9.50 

This work, written primarily for the Machine 
designer, deals with kinematics, dynamics, ang 
machine design, using cams as a basis Both 
the theoretical and practical aspects of the sub. 
ject are covered. On the practical side, concret, 
recommendations are made concerning such 
topics as mass, acceleration, materials, and th 
type of cam and follower to be used. The late, 
chapters offer a discussion of profile accuracy 
and errors. Mathematical treatment is kept ree 
minimum, only that significant to design being 
presented. The author is a member of the 
Mechanical Engineering Department, City Co). 
lege of New York, and a consulting professional 
engineer. 


MANPOWER 


Soviet Professional Manpower, Its Education, 
Training, and Supply. National Academy of 
Sciences, National Research Council. Nicholas 
De Witt, Editor. Washington, National Science 
Foundation; Sold by Superintendent of Docy. 
ments, 1955. 400 pp., diagrs., tables. $1.25 

This study is an investigation into the availa 
bility and growth of the specialized manpower 
resources of the U.S.S.R., based upon the Soviet 
educational effort during the past 25 years. Most 
of the research and the preparation of material 
was done at the Russian Research Center, Har. 
vard University. Because of Soviet secretive. 
ness, incomplete statistics, and recent develop 
ments in Soviet education, the study must be 
The sub 
ject matter is analyzed under the following chap 
ter headings: (1) General setting of the Soviet 
educational system, (2) Soviet primary and sec 
ondary education, (3) semiprofes- 
sional training, (4) Higher education and pro- 
fessional training, (5) Research training programs 
and advanced degrees, and (6) Soviet professional 
and specialized manpower. Ten pages of bibli- 
ography and a detailed subject index conclude the 
book. 


regarded as a preliminary approach. 


Secondary 


MATHEMATICS 


Symposia in Applied Mathematics, Vol. 6, 
Numerical Analysis. Proceedings of the 6th 
Symposium in Applied Mathematics of the 
American Mathematical Society Held at the 
Santa Monica City College, August 26-28, 1953. 
Cosponsored by the National Bureau of Stand- 
ards. John H Curtiss, Editor. New York, 
McGraw-Hill Book Company, Inc., 1956. 303 
pp., diagrs., tables. $9.75. 

Contents: Computational in the 
Theory of Dynamic Programming, Richard 
Bellman. Some Methods for Solutions of 
Boundary-Value Problems of Partial 
Differential Equations, Stefan Bergman. Com- 
putational Aspects of Certain Combinatorial 
Problems, R. H. Bruck. Numerical Results on 
the Shock Configuration in Mach Reflection 
D. R. Clutterham and A. H. Taub. Some Appli 
cations of Gradient Methods, Joseph W. Fisch- 
bach. Some Qualitative Comments on Stability 
Considerations in Partial Difference Equations, 
S. P. Frankel. Approximations in Numerical 
Analysis—A Report on a Study, Cecil Hastings, 
Jr., Jeanne Hayward, and James P. Wong, Jr. 
The Conjugate-Gradient Method for Solving 
Linear Systems, Magnus R. Hestenes Number 
Theory on the SWAC, Emma Lehmer. The 
Assignment Problem. T. S. Motzkin. The 
Method of Steepest Descent, P. C. Rosenbloom 
Function Spaces and Approximation, Arthur 
Sard. Some Computational Problems in Alge- 
braic Number Theory, Olga Taussky. Machine 
Attacks on Problems Whose Variables are Permu- 
tations, C. B. Tompkins. Best-Approximation 
Polynomials of Given Degree, J. L. Walsh. Re 
cent Results in Numerical Methods of Conformal 
Mapping, S. E. Warschawski. On the Asymp- 
totic Transformation of Certain Distributions 
into the Normal Distribution, Wolfgang Wasow. 
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Error Bounds for Eigenvalues of Symmetric 
Integral Equations, Helmut Wielandt. On the 
Solution of Linear Systems by Iteration, David 
Young 

Symposium on Monte Carlo Methods. Held 
at the University of Florida, March 16-17, 1954; 
Conducted by the Statistical Laboratory. Spon- 
sored by Wright Air Development Center of the 
Air Research and Development Command 
Edited by Herbert A. Meyer. New York, John 


Wiley & Sons, Inc., 1956. 382 pp., diagrs 
$7.50 
Contents: An Introductory Note, A. W 


Marshall. Generation of Pseudo Random Num- 
bers, Olga Taussky and John Todd. 
Shifts—Middle Squares—Wave Equation, N. 
Metropolis. A General Theory of Stochastic 
Estimates of the Neumann Series for the Solu- 
tion of Certain Fredholm Integral Equations, 
G. E. Albert. Neighbor Sets for Random Walks 
and Difference Equations, Theodore S. Motzkin. 
Monte Carlo Computations, Nancy M. Dismuke. 
Applications of Monte Carlo Methods to Tactical 
Games, S. Ulam. Conditional Monte Carlo for 
Normal Samples, Hale F. Trotter and John W. 
Tukey. Monte Carlo Techniques in a Complex 
Problem about Normal Samples, Harvey J. 
Arnold, Bradley D. Bucher, Hale F. Trotter, and 
John W. Tukey. An Application of the Monte 
Carlo Method to a Problem in Gamma Ray 
Diffusion, Martin J. Berger. Stochastic Calcu- 
lations of Gamma Ray Diffusion, L. A. Beach 
and R. B. Theus. Application of Multiple Stage 
Sampling Procedures to Monte Carlo Problems, 
A. W. Marshall. Questionable Usefulness of 
Variance for Measuring Estimate Accuracy in 
Monte Carlo Importance Sampling Problems, 
John E. Walsh. Experimental Determination 
of Eigenvalues and Dynamic Influence Coeff 
cients for Complex Structures such as Airplanes, 
C. W. Vickery. Use of Different Monte Carlo 
Sampling Techniques, Herman Kahn. A Theo- 
retical Comparison of the Efficiencies of Two 
Classical Methods and a Monte Carlo Method 
for Computing One Component of the Solution 
of a Set of Linear Algebraic Equations, J. H. 
Curtiss. A Description of the Generation and 
Testing of a Set of Random Normal Deviates, 
E. J. Lytle, Jr. Machine Sampling from Given 
Probability Distributions, James W. Butler. A 
Monte Carlo Technique for Obtaining Tests and 
Confidence Intervals for Insurance Mortality 
Rates, John E. Walsh. Experiments and Models 
for the Monte Carlo Method, Alwin Walther 
Bibliography (87 pages). Name, Source, and 
Subject Indexes. 


Phase 


Principles and Techniques of Applied Mathe- 
matics. Bernard Friedman. New York, John 
Wiley & Sons, Inc., 1956. 315 pp. $8.00 

The subject matter of this book has been pre- 
sented for several years as a l-year course in the 
Graduate School of New York University. The 
prerequisites of the course are a knowledge of 
linear algebra and complex integration. The 
author's approach is that the study of abstract 
systems can help in the solution of concrete 
problems. There are two themes developed: 
(1) the demonstration of how the abstract theory 
of linear operators can be used to unify and 
systematize the techniques of applied mathe- 
matics, and (2) the explanation of specific tech- 
niques which can be used to obtain explicit solu- 
tions of partial differential equations. 

Contents: Linear Spaces. Spectral Theory 
of Operators. Green’s Functions. Eigenvalue 
Problems of Ordinary Differential Equations. 


Partial Differential Equations. Bibliography. 
Index, 
Asymptotic Expansions. A. Erdélyi. New 


York, Dover Publications, Inc., 1956. 108 
pp. $1.35. 

This is a reprint of a technical report prepared 
under contract for the Office of Naval Research. 
It is an introduction to various methods for the 
asymptotical evaluation of integrals containing a 
large parameter and to the study of solutions of 
ordinary linear differential equations by means of 
asymptotical expansions. The author is Pro- 


BOOKS 


fessor of Mathematics, California Institute of 
Technology. 

Infinite Sequences and Series. Konrad 
Knopp. Translated by Frederick Bagemihl 
New York, Dover Publications, Inc., 1956. 186 
pp. $1.75. 

The first appearance of a new work by Dr 
Knopp, Emeritus Professor of Mathematics at 
the University of Tiibingen. Concentrated upon 
two topics of modern mathematics, it presents 
the theory of infinite sequences and series. It 
is an introductory presentation, designed to give 
the student sufficient background to penetrate 
into more advanced topics by himself. 

Abacs or Nomograms; An Introduction to 
Their Theory and Construction, Illustrated by 
Examples from Engineering and Physics. A 
Giet. Translated and revised by J. W. Head and 
H. D. Phippen. London, Iliffe & Sons, Ltd.; 
New York, Philosophical Library, 1956. 
diagrs., tables. $12 

This edition has been adapted from the French 
for English readers. It will be of practical in- 
terest to engineers and physicists and to others 
who require time-saving methods when perform- 
ing repetitive and complicated calculations. 
Essentially practical, the text not only demon- 
strates the many and varied applications of the 
abac or nomogram but also shows how charts may 
be constructed even without highly specialized 
mathematical knowledge. Both Cartesian abacs 
and alignment charts are discussed, and many 
examples are drawn from the fields of mechanics, 


225 pp., 


physics, and electrical engineering. 

An Essay on the Foundations of Geometry. 
Bertrand A. W. Russell. (Reprint of the 1897 
Ed.) New York, Dover Publications, Inc., 
1956. 201 pp. $1.50. 

Integral Transforms in Mathematical Physics. 
C. J. Tranter. 2nd Ed. London, Methuen & 
Co., Ltd.; New York, John Wiley & Sons, Inc., 
1956. 133 pp. $2.00. The present edition 
contains an additional chapter relating recent 
work on dual integral equations. 


MECHANICS 


Engineering Mechanics. S. Timoshenko and 


D. H. Young. 4th Ed. New York, McGraw- 
Hill Book Company, Inc., 1956. 478 pp., diagrs. 
$7.50. 


A basic training course in engineering mechanics 
for the undergraduate. Essential changes from 
the third edition of 1951 are simplification of 
the text and de-emphasis of the algebraic treat- 
ment of problems. 


METALS AND ALLOYS 


Symposium on Metallic Materials for Service 
at Temperatures Above 1600°F. Presented at 
the 58th Annual Meeting, ASTM, Atlantic City, 
N.J., June 30, 1955. (ASTM Special Technical 
Publication No. 174.) Philadelphia, American 
Society for Testing Materials, 1956. 193 pp., 
illus., diagrs., tables. $3.50. 

Contents: Some Sheet and Bucket Materials 
for Jet-Engine Application at 1600°F and Higher, 
J. P. Denny, L. P. Jahnke, E. S. Jones, and F. C. 
Robertshaw, Jr. Influence of Boron on Cast 
Cobalt-Base S-816 Alloy, W. E. Blatz, E. E. 
Reynolds, and W. W. Dyrkacz. Effect of Heat 
Treatment and Structure Upon Creep Properties 
of Nimonic Alloys Between 750 and 950°C, W. 
Betteridge and R. A. Smith. Stress-Rupture 
Properties of Inconel 700 and Correlation on the 
Basis of Several Time-Temperature Parameters, 
S. S. Manson and G. Succop. Chromium- 
Nickel Alloys for High-Temperature Applications, 
Albert G. Bucklin and Nicholas J. Grant. Effect 
of Rare Earth Additions on the High-Tempera- 
ture Properties of a Cobalt-Base Alloy, J. E. Breen 
and J. R. Lane. Creep, Rupture, and Notch 
Sensitivity Properties of S-816 Alloy Up to 1650°F 
Under Fatigue and Static Stress, F. Vitovec and 
B. J. Lazan. Titanium-Carbide Products Pro- 
duced by the Infiltration Technique, Leonard P 
Skolnick and Claus G. Goetzel. High-Tempera- 
ture Properties of Molybdenum-Rich Alloy 


Compositions Made by Powder Metallurgy 


17] 


Methods, W. L. Bruckart and R. I. Jaffee. Ten- 
sion and Torsion Tests on Nimonic Alloys at 
High Temperatures, E. D. Ward and W. G. 
Tallis. Thermal Fatigue Testing of Sheet Metal, 
H. E. Lardge. Thermal Shock Testing of High- 
Temperature Metallic Materials, Thomas A 
Hunter. The Development of Zirconium-Rich 
Protective Coatings and Brazing Materials for 
Heat Resisting Alloys, A. Blainey. 

Metallurgical Thermochemistry. O. Kuba- 
schewski and E. Ll. Evans. 2nd Rev. Ed. 
London, Pergamon Press, Ltd; New York, John 
Wiley & Sons, Inc., 1956. 410 pp., 
tables. $10. 

An introductory and reference work first pub- 
lished in 1951. The present, somewhat enlarged, 
edition contains the following changes: The 
extensive tables of thermochemical data of metal 
compounds have been brought entirely up to 
date; incorporated with the text are critical 
assessments of data by the National Bureau of 
Standards, by L. Brewer of California University 
and by F. D. Richardson of the Nuffield Re- 
search Group for Extraction Metallurgy; two new 


diagrs., 


sections, on nonregular solutions and slag-metal 
equilibria, have been added. The appendixes 
include an 11 page bibliography, a subject index, 
and a name index. O. Kubaschewski is Principal 
Scientific Officer at the National Physical Labora- 
tory, and E. Li. Evans is Senior Scientific 
Officer at the Chemical Research Laboratory. 

Chromium; Vol. 1, Chemistry of Chromium 
and Its Compounds. Marvin J. Udy. (Ameri- 
can Chemical Society Monograph No. 132.) 
New York, Reinhold Publishing Corporation, 
1956. 433 pp., illus., diagrs., tables. $11. 

Contents: (1) History of Chromium, Marvin 
J. Udy. (2) Mineralogy and Geology of Chro- 
mium, Thomas P. Thayer. (3) The Analytical 
Chemistry of Chromium, Earl J. Serfass and 
Raffaele F. Muraca. (4) Relation of Chromium 
to Health, Anna M. Baetjer. (5) Chromium In 
Soils, Plants, and Animals, George K. Davis. 
(6) The Physical and Chemical Properties of 
Compounds of Chromium, Murray C. Udy. 
(7) Chromium Chemicals: Their Industrial 
Use, Mare Darrin. (8) Production of Chromium 
Chemicals, Raymond L. Copson. (9) Chromium 
Chemicals in the Textile Industry, Charles L. 
Howarth. (10) Chromium Chemicals in the 
Tanning Industry, Robert M. Lollar. (11) 
Chromium Chemicals in Wood Preservation, 
H. W. Angell and W. H. Hartford. (12) Chro- 
mium Chemicals in Corrosion Prevention. (13) 
The Manufacture and Properties of Chromium 
Pigments, V. H. Chalupski. (14) Chromium 
Chemicals in the Graphic Arts, George W. 
Jorgensen and Michael H. Bruno. (15) Chro- 
mium Chemicals in the Oil and Gas Industries, 
Marc Darrin. 


Symposium on Atmospheric Corrosion of 
Non-Ferrous Metals. Presented at the 58th 
Annual Meeting, ASTM, Atlantic City, N.J., 
June 29, 1955. (ASTM Special Publication No. 
175.) Philadelphia, American Society for Test- 
ing Materials, 1956. 158 pp., illus., diagrs., 
tables. $2.75. 

Contents: Report of Subcommittee VI on 
Atmospheric Corrosion. Resistance of Alumi- 
num-Base Alloys to 20-Year Atmospheric Ex- 
posure, C. J. Walton and William King. Effect 
of 20-Year Marine Atmosphere Exposure on 
Some Aluminum Alloys, Fred M. Reinhart and 
George A. Ellinger. Effect of Natural Atmos- 
pheres on Copper Alloys: 20-Year Test, A. W. 
Tracy. The Atmospheric Corrosion of Copper— 
Results of 20-Year Tests, D. H. Thompson, A. W. 
Tracy, and John R. Freeman, Jr. Atmospheric 
Galvanic Corrosion of Magnesium Coupled to 
Other Metals, H. O. Teeple. Galvanic Couple 
Corrosion Studies by Means of the Threaded 
Bolt and Wire Test, K. G. Compton and A. 
Mendizza. The Atmospheric Corrosion of Rolled 
Zinc, E. A. Anderson. The Use of Lead and 
Tin Outdoors, George O. Hiers and Elbert J. 
Minarcik. Atmospheric Corrosion Behavior of 
Some Nickel Alloys, H. R. Copson. 


ASTM Standards on Copper and Copper 
Alloys, 1955; Copper and Copper Alloys, Cast 
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and Wrought Copper and Copper-Alloy Electrical 
Conductors Non-Ferrous Metals Used in Copper 
Alloys. Sponsored by ASTM. Committee B-5 
on Copper and Copper Alloys, Cast and Wrought 


Philadelphia, American Society for Testing 
Materials, 1956. 642 pp., illus., diagrs., tables 
$5.75 

METEOROLOGY 


Weather Analysis and Forecasting. Vol. 1, 
Motion and Motion Systems; Vol. 2, Weather 
and Weather Systems. Sverre  Petterssen. 
2nd Ed. New York, McGraw-Hill Book Com- 
pany, Inc., 1956. Vol. 1, 428 pp.; Vol. 2, 266 
Vol. 1, $8.50; Vol. 2, $6.00. 
These two volumes constitute a general and 


pp., diagrs., tables 
thorough text on forecasting which aims at mini- 
mizing the difference between synoptic and dy- 
The text, which first appeared 
in 1940, will be of value to professional meteor- 


namic meteorology 


ologists as well as to university students. The 
author is Professor, Department of Meteorology, 
University of Chicago. Volume 1 emphasizes 
the dynamics of atmospheric processes. In it are 
treated the systems— 
cyclones, anticyclones, fronts, and upper waves. 
The basic equations of hydrodynamics take 
the reader, through various analyses, to tech- 


dynamics of motion 


niques for forecasting the development and move- 
A number 
of special forecasting procedures illustrated by 
numerous examples are discussed. Volume 2 
deals with weather. The emphasis is on the 
thermodynamics of atmospheric processes. The 
book begins with a treatment of the exchange 
processes and develops the theory of air masses 
and thermodynamic processes. Then condensa- 
tion and precipitation, convective clouds, showers, 
thunderstorms, squall lines, and tornadoes are 
discussed. Subsequent chapters deal with fog, 
cloud and weather systems, and 
various dynamic and statistical techniques for 
predicting clouds and weather 


ment of pressure systems at all levels. 


migratory 


MILITARY AVIATION 


Royal New Zealand Air Force; Official History 
of New Zealand in the Second World War 
1939-45. J. M. S. Ross. Wellington, New 
Zealand, War History Branch, Dept. of Internal 
Affairs; Distributed by Whitcombe & Tombs 
Ltd., Christchurch, New Zealand, 1955. 343 
pp., illus., colored maps. A concluding chapter 
outlines briefly the postwar development of 
the Air Force up to the end of 1954. 


NUCLEAR ENERGY 


Reactor Shielding Design Manual. Edited 
by Theodore Rockwell, III. Princeton, N.J., 
D. Van Nostrand Company, Inc., 1956. 472 
pp., illus., diagrs., tables. $6.00. 

The purpose of this manual is to help the engi- 
neer or scientist to design a practical shield by 
making available the techniques and data de- 
veloped by the Naval Reactors Program and 
Pressurized Water Reactor Program of the 
Atomic Energy Commission. The methods dis- 
cussed have two salient features: (1) They 
have been actually used for, and tested on, real 
power reactor shields, and (2) they form a basic 
approach rather than a mock-up approach and 
thus permit design of shields without expensive 
and time-consuming use of the reactor facilities 
in which full-scale shielding mock-ups can be 
made. The design methods described include 
detailed illustrations of the use of general formulas 
in actual shield design, as well as brief derivations 
of many of them. The section on materials deals 
with the basic components of shields such as con- 
crete, iron, stainless steel, lead, polyethylene, 
and various borated compounds. There are 
tabulations and figures on flux to dose conversion, 
build-up factors, gamma rays resulting from 
neutron capture, and various formulas for differ- 
ent shield geometries. Additional features in- 
clude a discussion based on actual experience of 
placement of coolant machinery and structure 
inside the secondary shield and hints and graphs 
for determining source points in a numerical 


procedure for finding attenuation through shields 
The editor is Technical Director, Naval Reactors 
Branch Division of Reactor Development, U.S 
Atomic Energy Commission 


Reactor Handbook: Physics. U.S. Atomic 
Energy Commission New York, McGraw- 
Hill Book Company, Inc., 1955 790 pp., 


diagrs., tables $12 

This volume deals with reactor physics and 
radiation shielding and is issued for convenient 
reference use by scientists and engineers engaged 
on AEC reactor projects. Section 1 discusses 
theoretical and experimental techniques used in 
designing and evaluating various experimental 
and research reactors. Experimental and cal 
culated solutions for various shielding problems 
and methods of tailoring these solutions to new 
It should 
be pointed out that the publication of the Hand- 
book was handicapped by 


problems are developed in Section 2 


a time limitation 
The result is recognized by the Review Board of 
the Reactor Development Division of the AEC 
as a compromise of what is most desirable in a 
handbook and what is practical under the present 
circumstances The success of the 
Handbook will depend a great deal upon the 
refinements in subject matter and presentation 


ultimate 


which will come about in subsequent revisions 

Contents: Section 1: 
perimental Methods 
Theory of Neutrons 
and General Results 


Reactor Physics. Ex 
Kinetic 
Reactor Statics; Theory 
Reactor Statics; Experi- 
mental and Numerical Results. Reactor Dynam- 


Nuclear Physics 


ics. Section 2 Radiation Shielding. Sources 
of Radiation Permissible Levels of Radiation 
Gamma-Ray Attenuation. Neutron Attenua 


tion Geometry Ducts Through Shields 
Heat Generation in Shields. Shield Optimiza- 
tion with Respect to Weight. Shield Materials 

Research Reactors. U.S. Atomic 
York, McGraw-Hill 
Company, Inc., 1955. 442 pp., illus., 
tables. $6.50 

Detailed descriptions of six representative types 


Energy 
Be »0k 
diagrs., 


Commission New 


of U.S. research reactors are given in this book 
For each of the various types, the book deals with 
general design features, core design and fuel 
handling, cooling system (where applicable), 
control and instrumentation, shielding, experi 
mental facilities, and operating characteristics 
Selected design drawings are included. The six 
reactors discussed include three types of light 
water-moderated reactors (solution type, pool 
type, and materials-testing reactor), one hydro- 
carbon-moderated, one heavy-water-moderated, 
and one reactor. This 


selection is in line with the trend to all-purpose 


graphite-moderated 


designs that furnish a maximum neutron flux and 
maximum experimental versatility for a given 
budget 


PILOTING 


Airline Transport Pilot Rating. Charles A 
Zweng and Allan C. Zweng. 8th Rev. Ed 
North Hollywood, Calif., Pan American Naviga- 


tion Service, June, 1956, 354 pp., illus., diagrs 
$5.50 

Contents rhe Airline Pilot. Instruments 
Instrument Flying Flying the Omnirange 
ILS and Radar Dead Reckoning. Charts and 
Chart Reading. Radio Communications and 
Navigation Aids. Radio Navigation. Meteor- 
ology. Weather Maps and Reports. Weight 
and Balance. Turbo-Jet, Turbo-Prop, and Com- 
pound Engines. Air Traffic Control. Civil 


Air Regulations. Typical Multiple-Choice Ex- 


aminations Index 


POWER PLANTS 


Aircraft Engines of the World, 1956. 
Wilkinson. New York, Paul H. Wilkinson, 1956 
320 pp., illus tables. $15 

The latest edition of this annual contains data 


Paul H 
diagrs., 


on more than 30 new engines, including 23 main 
jet engines and numerous auxiliary gas turbines. 
Completely revised tabulations present 53 turbo- 
jets, 22 turbojets with afterburners, and 17 turbo- 
props. Activities of the manufacturers and 


1956 


recent air-liner information are included jp the 
introduction. The Accessories and Equipmey 
section describes and illustrates many of the 
latest products of the United States and Great 
Britain. The Aircraft and Their Engines sectig, 
contains seven tabulations of more than 3X 
military aircraft, commercial aircraft, and Cargo 


transports, and their engines 


PRODUCTION 


Resistance Welding, Theory and Use. p, 
pared by Resistance Welding Committee, Amer 
can Welding Society. New York Reinholg 
Publishing Corp., 1956. 163 pp., illus diagrs 
$4.50. 

A handbook on the basic principles of resistang 
welding. All resistance welding processes are 


covered, including the newest development 
such as slope control and aluminum welding 
There are descriptions of the different types o 
resistance welding machines, electrodes, ani 
controls used, and finally there are discussion; 
on the weldability of different metals and hoy 
quality control and inspection tests and methods 


are applied to obtain consistently good welds 


ROCKET SLEDS 


Second Experimental Track Symposium: 
Seminar Reports and Abstracts of Papers, held at 
Holywood, Calif., and the Air Force Flight Test 
Center, Edwards Air Force Base, Calif., Septem 
ber 26-28, 1955. Edwards AFB, Calif., US 
Air Force Flight Test Center, ARDC, 1955 
55 pp. 

Contents: (1) The Role of Liquid 
Propellants in High Speed Track Testing. (2 
Instrumentation for Experimental Tracks. (3 


Seminars: 


Parachute Development Testing (4) Escape 
(5) Track Testing Develop. 
ment Problems. (6) Future Requirements for 
Track Testing Support. 

Abstracts of Papers: Status Report on 
SNORT, W. D. Drinkwater. Use of Rocket 
Sleds in Experimental Wind Blast Tests, J. P 


Systems Testing 


Stapp. The Use of Shock Isolation Systems, 
Ernest Coleal Activity Report on AFFTC 
Tracks, R. L. King. Introduction to Project 


SMART, C. A. Brosterhous. Development ofa 
Water Brake Recovery System, C. T. Hurd 
The SNORT System for Measuring Sled Position 
and Time, B. W. Pike. Aberdeen 
Ground Ballistic Track, M. E. Bonnett. The 
Dynamics of Crash Restraint Harnesses, Y. 
Hiroshige. Parachute Testing on the High 
Speed Track, R. Berndt. Armament Testing on 
High Speed Tracks, B. R. Egbert. The Flow 
Characteristics of a Ram Inlet and Wind Tunnel 
Combination, G. Eber 


Proving 


SAFETY 
Aircraft Fueling. New York, Flight Safety 
Foundation, 1956. 42 pp., diagrs 


A booklet devoted chiefly to the explanation of 
why certain precautions and methods are nec 
essary in the handling of fuel for aircraft 


SPACE TRAVEL 


Earth Satellites as Research Vehicles. Pro- 
ceedings of Symposium Held April 18, 1956 
Philadelphia. (Journal of the Franklin Institute 
Monograph No. 2.) Philadelphia, June, 1956 
115 pp., diagrs., illus., tables. $2.50 

The underlying theme of this symposium is 
the peaceful development of rocketry and the 
scientific utility of satellite vehicles in space re- 
search. The IGY Earth Satellite Program 's 
described fully, including details on the radio and 
optical tracking systems now being organized to 
monitor the Vanguard satellites soon to be 
launched. The problem of recovery of physical 
data from such vehicles in the future is discussed 
with reference to such items as photographic film, 
specimens of meteoric matter, biological speci- 
mens, and the like. An artificial satellite time 
and radio orbit is proposed, and the selection of 
polar orbits versus equatorial orbits is debated ia 
a paper devoted to celestial navigation tech- 
niques. The major problem areas in astronauti- 
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Operations research, 
Armament, 
Lamehing 


NGINEERS 


SERVO 
ENGINEERS 


Electrical 
Mechanical 


GM 
INERTIAL GUIDANCE 
SYSTEM PROGRAM 


ELECTRONICS DIV., 


Milwaukee 2, Wis. 


Seeks experienced engineers for the further 
development and systems testing of Inertial 
Guidance Systems and their Servo Loops. 


Enjoy Challenging Opportunities in the 
most versatile Laboratories in the country. 
Work with the top men in the field and 
with the finest test, research and develop- 
ment facilities. We are in the process of a 
Major, Permanent, Expansion Program. 
New Plant facilities being added in sub- 
urban Milwaukee area. 


To aid you in your professional advance- 
ment AC will provide financial assistance 
toward your Master’s degree. A Graduate 
Program is available evenings at the Uni- 
versity of Wisconsin, Milwaukee. 

GM’s Electronics Division aggressive posi- 
tion in the field of manufacture and GM’s 
long-standing policy of decentralization 
creates individual opportunity and recog- 
nition for each Engineer hired. 


Recent EE,ME 
Graduate Inquiries 
Also Invited 


Milwaukee offers ideal family living in a 
progressive neighborly community in cool, 
southern Wisconsin where swimming, boat- 
ing, big league baseball and every shopping 
and cultural advantage is yours for the 
taking, 

To arrange personal, confidential interview 
in your locality send full facts about your- 
self today to 


Mr. John F. Heffinger 
Supervisor of Salaried Personnel 


Electronics Div. 


General Motors Corp. 
Milwaukee 2, Wis. 


| 
| 
| 


by Grayson Merrill, Captain, USN; Harold Goldberg, Vice- 
President for Research, Emerson Radio-phonograph Corporation; 
Robert H. Helmholz, U. S. Naval Air Missile Test Center 


1956 
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This book, the third in a six-volume series on guided-missile technology, 
comprises the principles of operations research as a basis for guided missile 
decision-making, armament and launching systems. 


Operations Research explains the require- 
ments of the Armed Services, and shows 
how missiles are developed on a teamwork 
basis with industry. Sample problems de- 
tail how missile operational requirements 
are derived, performance specifications are 
set, competitive weapon systems evalu- 
ated, and plans for initial employment are 
made. 


The Armament section examines factors 
affecting design requirements such as tar- 
get characteristics, demands of the guid- 
ance and propulsion systems, and logistic, 


economic and safety considerations. Type 
of warheads, fuses, and safety and aiming 
devices are described and analyzed. A 
typical systems-engineering case _ illus- 
trates how the armament development pro- 
ceeds from design requirement to field 
test and evaluation. 


The Launching section explains the ele- 
ments and characteristics of launching 
systems, and the principles of their design. 
Covers booster assemblies, catapaults, 
and airborne and surface launchers. 

603 pages, illustrated, $10.00 


At all bookstores or write 


D. VAN NOSTRAND COMPANY, INC. 


120 Alexander Street, Princeton, N. J. 


GAMBLE? 


sure... 


if the odds are in YOUR favor... 


DECISION/INC — nationwide specialists in recruitment of engineering 
personnel — have an active and enviable record in developing job 
opportunities for men who want bigger salaries and a chance for 


greater personal achievement. 


DECISION/INC is retained by more top-ranking firms 
thruout the nation than any other organization to find the right 


man for each job. 


This confidential service costs you nothing. 
It takes TIME—MONEY—EFFORT to improve your job situation. If you 
are an engineer or scientist, particularly in the ELECTRONIC—AERO- 
NAUTICAL OY GUIDED-MISSILP field, DECISION/INC will do this quickly, 


effectively at no cost to you. 


HOW? After a study of your outlined objectives, our 
placement specialist develops a plan “tailor-made” for you— 
which includes a resume of your experience... and then a review 
by selected companies leading to confidential interviews at your 


convenience and our client’s expense. 


NOW is the time for DECISION! 


All you do Now is... send us your name, 
home address, job interest or title. We 


take it from there. 
Write or phone: 


OLIVER P. BARDES, President—DECISION/INC 
1420-37 FIRST NATIONAL BANK BUILDING 
GArfield 1-1700 


Publishers of the authoritative ENGINEERS’ JOB DIRECTORY 


CINCINNATI 2, OHIO 


= 
| 
| OPERATIONS RESEARCH 
| ARMAMENT, LAUNCHING 
| 
| 
| 
| | 
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cal and space medical research are de 


fined ang tions are P 

discussed by the several contributors to thi States, Br 

symposium. The implications for astrophysical pibliograph 

research and the specific problems of sateljit. and papers 
ite 


motion are presented, and the feasibility of , Some of th 
ofa 


moon rocket is re-examined in the light of presen; tion includ: 
day capability and the necessary performance vibrations 
requirements for such a voyage properties 
Contents: The International Geophysica hesives, W 
| Year Earth Satellite Program, Homer E. Nevel! 360 subjec 
| Jr. The Moon Rocket, George H Clement section inc 
| Astronautical and Space-Medical Research With shells, vibr 
Automatic Satellites, Krafft A. Ehricke. Astro. rials and ot 
| Physical Research with an Artificial Satellite on metals 
| Lyman Spitzer, Jr. The Effect of the Earth’; and const 
Oblateness and Atmosphere on a Satellite Orbit by a class’ 
| John De Nike. ‘‘Astro”—an Artificial Celestial in English 
; | Navigation System, Lovell Lawrence Jr. Re sections, t! 
| covery of Data in Physical Form, R. W. Porter chronologi 
Introduct« 
STRUCTURES and Germ 
Proceedings of the Society for Experimenta) 
Stress Analysis, Vol. 13, No. 2. Edited by C. y 
Mahlmann and W. M. Murray Cambridge Thermo 
Mass., Society for Experimental Stress Analysis Frederick 
1956. 197 pp., illus., diagrs., tables. $6.00 : Aerodyna: 
Contents: Solution of Torsional Problems 1.) Prin 
with the Aid of the Electrical Conducting Sheet 1955. 81 
Analogy, N. E. Friedmann, Y. Yamamoto, and The pu 
D. Rosenthal. Photoelastic Investigation of formation 
Stresses in Conical Head Pressure Vessels, L. W properties 
Smith and C. K. Cooper. The Interference related p 
Screen Method for Isopachic Patterns (Moiré dynamics 
| Method), G. Mesmer. Field Testing of Diese the study 
Locomotive Axles, R. A. Moreau and L. Petersen by the s 
Simulated Service Testing, L. F. Kooistra mental di 
Structural Testing of Aircraft Propellers, D. G included 
| Richards. Metal Cutting Measurements and section tl 
| their Interpretation, E. G. Loewen and N. H and pape 
| Cook. Dilation Measurements of Steel Sphere Conter 
| and Rock Deformations at Kemano, B.C, G. A modynan 
| Brewer Methods of Waterproofing SR-4 Strain Fundame 
Gages, P. M. Palermo. The Curvilinear Rosette Virginia 
Method as an Auxiliary Device for the Numerical Curtiss, | 


Solution of Laplace’s Equation, P. S. Theocaris 
Application of a New Deformeter to Two-Dimen- 
sional Thermal Stress Problems, J. B. Barriage 
and A. J. Durelli. Three Dimensional Photo- 
elastic Analysis of Shafts in Pure Torsion and a 
Comparison with Results from Relaxation, R. C 
Johnson Photoelastic Evaluation of Individual 
Principal Stresses by Large Field Absolute 


Radar components and other electronic parts 
must be produced to rigid design specifica- 
tions and to meet high inspection standards, 


since part failure may often endanger the 
lives of the men depending on it for their 


Retardation Measurements, D. Post Model 
Analysis of Three-Dimensional Slab Structures 
K. H. Gerstle and R. W. Clough. A Simple 
Extension of Southwell’s Method for Determin- 
ing the Elastic General Instability Pressure of 
Ring-Stiffened Cylinders Subject to External 


4 Hydrostatic Pressure, G. D. Galletly and T. E nozzle 

survival. Reynolds A Comparison of the Stresses in of Mac 

2 , . Deep Arches with Solid and Hollow Spandrels, Expe 

ARWOOD Investment Castings simplify de- S. R. Sparkes and E. H. Brown. Stresses in forated 
on Projectiles During Penetration, I. Bluhn Th 

sign responsibilities, insure dimensional Steels High-‘ 

accuracy of complex cored passages and by Axial Dynamic Load Tests, R. C. Smith, — 
H . T. E. Pardue, and I. Vigness d 

reduce material costs. Reduced weight, Bibliographie der Verdéffentlichungen iiber den 59 pp. 

greater strength, improved appearance, Leichtbau und seine Randgebiete im deutschen Dev 

und auslindischen Schrifttum aus den Jahren Contre 

lower production costs . . . benefits for you 1940 bis 1954 (Bibliography of Publications on | Proce, 

when you specify INVESTMENT CASTING! Light Weight Construction and Related Fields in Grego 

CASE IN POINT! German and Foreign Literature from 1940 to 1956 

icati i j . 1954). H. Winter. Berlin, Springer-Verlag, , 

ARWOOD application engineers are available, improved performance and reduced production 1955. 1,003 pp., illus. $18.80 proble 

without obligation, for consultation in your cost, resulted from investment casting this Reducing the weight of a design is purely an procec 

i Ke s radar mixer body. Previously fabricated from -conomical consideration. Some of the results loop ¢ 

design and production planning. Contact us 20 machined components by brazing, waveguide or 
performance was unsatisfactory due to inaccu- 

when you reach the “blueprint stage” to take racy of dimensions and differentials in electrical costs, economy in materials, and an increase A facilit 

characteristics. Now made as am integral invest- the frequency of transport—i.e., the economy an Cal: 

advantage of INVESTMENT ECONOMIES. ment casting, the parts are within dimensional capacity of transport. Since several branches of in th 

tolerances, the electrical characteristics are engineering derive benefit from the saving of 


uniform, and the cost is 75% less! weight, this first incomplete compilation is aa 


attempt to fill the gap in the field brought about 


PRECISION CASTING CORP. by World War II and the cessation of German 


aircraft construction since 1945. It is expected 
31] West 44th Street, New York 36, N. Y. that supplements and addenda will be issued 
‘PIONEERS IN INVESTMENT CASTING" later on 
H . Starting i 9% ist includes publica- 
Plants: Brooklyn, N. Y. Groton, Conn. Tilton, NH. Los Angeles, Calif. 


tions on the subject issued since then. Publica- 
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tions are predominantly those from the United 
States, Britain, France, and Germany. The 
bibliography is divided into two sections—books, 
and papers and articles published in periodicals. 
Some of the 85 subject divisions in the book sec- 
tion include statics of plates and shells, dynamics 
vibrations), strength of materials and other 
properties, iron materials, plastics, rubber, ad- 
hesives, welding, and riveting. Some of the 
360 subject divisions covered in the periodicals 
section include plane structures, statics of plates, 
shells, vibrations of structures, strength of mate- 
rials and other properties, heat treatment, coatings 
on metals, fatigue, loading, metals, ceramics, 
and construction. Both sections are preceded 
by a classification scheme with equivalent terms 
is English and German. Within the classified 
sections, the individual publications are arranged 
chronologically according to year of publication. 
Introductory descriptive text is in both English 
and German. The subject index is in German 


THERMODYNAMICS 
Thermodynamics and Physics of Matter. 
Frederick D. Rossini, Editor. (High Speed 


Aerodynamics and Jet Propulsion Series, Vol 
1.) Princeton, N.J., Princeton University Press, 
1955. 812 pp., diagrs., tables. $15. 

The purpose of this volume is to provide in- 
formation on the thermodynamic and physical 
properties of matter and their influence upon the 
related problems inherent in high-speed aero- 
dynamics and jet propulsion. Many phases of 
the study of solids, liquids, and gases are covered 
by the several contributors, and much funda- 
mental data concerning the behavior of matter is 
included in the text. At the conclusion of each 
section there is a bibliography of pertinent books 
and papers 

Contents: Section A, Fundamentals of Ther- 
modynamics, Frederick D. Rossini. Section B, 
Fundamental Physics of Gases, Karl F. Herzfeld, 
Virginia Griffing, Joseph O. Hirschfelder, C. F 
Curtiss, R. B. Bird, and Ellen Spotz. Section C, 


nozzle permitting a continuous variation 
of Mach Number. 

Experiments with Slotted and Per- 
forated Walls in a Two-Dimensional 
High-Speed Tunnel. D. W. Holder, R. 


J. North, and A. Chinneck. Gt. Brit., 
ARC R&M 2955 (Nov., 1951), 1956. 
59pp. 12refs. BIS, New York, $3.06. 


Developing a Rational Procedure for 
Control System Design in a Gas Flow 
Process. G. V. Schwent, W. K. Mce- 
Gregor, and D. W. Russell. JSA J., July, 
1956, pp. 219-223. Analysis of gas-flow 
problems and the establishment of a 
procedure to design an automatic closed- 
loop control system for the primary exter- 
nal variables of a jet-engine testing 
facility. 

Calibration of the Flexible Plate Nozzle 
in the Transonic Model Tunnel of the 


BOOKS 


Thermodynamic Properties of Real Gases and 
Mixtures of Real Gases, James A. Beattie. 
Section D, The Transport Properties of Gases and 
Gaseous Mixtures, Joseph O. Hirschfelder, C. F. 
Curtiss, R. B. Bird, and Ellen L. Spotz. Section 
E, Critical Phenomena, O. K. Rice. Section F, 
Properties of Liquids and Liquid Solutions, John 
M. Richardson and Stuart R. Brinkley, Jr. 
Section G, Properties of Solids and Solid Solu- 
tions, P. P. Ewald. Section H, Relaxation 
Phenomena in Gases, Karl F. Herzfeld. Section 
I, Gases at Low Densities, Immanuel Estermann. 
Section J, The Thermodynamics of Irreversible 
Processes, C. F. Curtiss. 


VIBRATION 


Practical Solution of Torsional Vibration 
Problems; Vol. 1, Frequency Calculations. 
W. Ker Wilson. 3rd Rev. Ed. New York, 
John Wiley & Sons, Inc., 1956. 704 pp., illus., 
diagrs., tables. $16. 

Completely rewritten, this edition of a work 
last revised in 1940 retains the original objective 
of providing an adequately comprehensive treat- 
ment in convenient reference form. The com- 
plete work remains in two volumes, but the text 
has been rearranged so that each volume now 
deals with a particular aspect of the subject. 
Volume 1 contains considerable additions, 
particularly in the sections dealing with geared 
systems and systems containing distributed 
masses. The effective inertia method for deter- 
mining natural frequencies is discussed in greater 
detail, and there is a more comprehensive treat- 
ment of the application of this method in cases of 
coupled vibration. The introduction contains a 
survey of the history of the subject. 


WIND TUNNELS 


Seminar on Wind-Tunnel Techniques and 
Aerodynamics; Royal Institute of Technology, 
Stockholm, May 10-11, 1954. Stockholm, 


Aeronautical Reviews 
(Continued from page 164) 


Propulsion Wind Tunnel. John C. Mar- 
chall. USAF AEDC TN 56-5, June, 
1956. 36 pp. Discussion of the tunnel 
calibration for measuring the flow quality 
in the nozzle, with emphasis on the Mach 
Number distribution along the axial 
centerline of the nozzle. Pressure meas- 
urements are made at 16 points along the 
centerline, and local Mach Number is 
computed from local static pressure and 
the stilling chamber total pressure. 

A Design of Electrical Control Heaters 
for Operation with a Supersonic, Blow- 
Down Wind Tunnel. Raymond A. Fet- 


ter, Jr. U. Tex. DRL Rep. 382(AFSOR 
TN-188), June, 1956. 76 pp. 17 refs. 
Development of a 420-kw. electrical 


resistance heater to maintain a constant 
air stagnation temperature in supersonic 
wind tunnels. The heating unit consists 


175 


Division of Aeronautics, Royal Institute of 
Technology, 1955. 263 pp., illus., diagrs. 

Contents: Brief Account of Swedish Wind 
Tunnels and Related Activity, S. Luthander. 
The Design of Large High-Speed Wind Tunnels, 
J. F. Parsons. Some Aerodynamic Techniques 
at the Royal Aircraft Establishment, L. F. 
Nicholson. Some Special Swedish Wind Tunnels; 
The SAAB 0.5 m? Jet Engine-Powered M =0.5- 
1.5 Wind Tunnel, A. Anderberg. The Flygmotor 
0.5 X 0.5 m2, 9 ata, M =0.7-3.6 Blow-Down Wind 
Tunnel, C.-E. Larsson. The Bofors Co. Aero- 
dynamic Research Laboratory, C. Nelander. 
Factors Influencing Precision in Supersonic 
Wind Tunnels, R. Smelt. Development of 
Supersonic Wind Tunnel Facilities in Canada, 
J. Lukasiewicz. Presentation of the FFA 1 sq.m. 
Supersonic Wind Tunnel with Vacuum Rock 
Chamber, B. Reistad. Aeroballistic Research 
at the U.S. Naval Ordnance Laboratory, H. H. 
Kurzweg. Design Principles for Strain Gauge 
Balances, G. Gustafsson. Two Half-Model 
Balances, K. Fristedt. Starting Loads in Super- 
sonic Wind Tunnels, Some Experiences, S. F. 
Erdmann. Some Applications of the Free- 
Oscillation Techniques for Measuring Stability 
Derivatives, K. Orlik-Riickemann. An Elec- 
tronic Apparatus for Automatic Recording of 
the Logarithmic Decrement and Frequency of 
Oscillations, C. O. Olsson. Wind Tunnel Test- 
ing of Oscillating Models, J. B. Bratt. Test 
Techniques and Some Results about the Vortex 
Flow on Delta Wings, T. Ornberg. A Note on 
Supersonic and Transonic Flow around Delta 
Wings, P. O. Larsson. Visualization of Flow 
over Swept-Back Wings at Low Speeds, N. C. 
Lambourne. Methods for Investigation of 
Air Intakes, E. Bergstrom. Determination of 
Form Drag and Additive Drag in Supersonic Air 
Intakes from the Shock Wave Shape, L. Ohman. 
Aeronautical Research and Development in 
Sweden; Financial Background and Organization, 
H.-E. Lofkvist. A Note on the Flow Around 
Delta Wings, Torsten Ornberg (KTH-AERO 
Technical Note TN38). 


of a stainless-steel Inconel box containing 
filaments of Nichrome V wire held in place 
by ceramic beads. Three such units are 
arranged end to end in heavy pipe 
casing. 


The Application of the Shock Tube to 
the Study of the Problems of Hypersonic 
Flight. A. Hertzberg. Jet Propulsion, 
July, 1956, pp. 549-554, 568. 18 refs. 
Description of the shock tube capable of 
generating the high-temperature condi- 
tions in air encountered in hypersonic 
flight, with a presentation of design modi- 
fications studied at CAL. 


Apparatus and Techniques for the 
Application of a Water Flow System to the 
Study of Aerodynamic Systems. E. F. 
Winter and J. H. Deterding. Brit. J. 
Appl. Phys., July, 1956, pp. 247-261. 
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Personnel Opportunities 


This section is for the use of individual members of the Institute seeking new connections and 
© organizations offering employment to Aeronautical specialists. Any member or organiza- 
tion may have requirements listed without charge by writing to the Secretary of the Institute. 


Wanted 


Engineering Instructors—lIncreased  enroll- 
ment requires teaching staff expansion creating 
several openings soon for industry-experienced 
men, with or without teaching experience, to 
serve as instructors in the various phases of 
practical aeronautical engineering. Retired or 
semiretired persons desiring California residence 
and light workload can be employed for as little 
as 2 or 3 hours per day. American citizenship 
not required. Leaflet of full particulars about 
our kind of teaching, also the school catalog, will 
be furnished on request. Send replies to C. T. 
Reid, Director of Engineering, Northrop Aero- 
nautical Institute, 1155 W. Arbor Vitae St., 
Inglewood 1, Calif. 

Aeronautical Engineering Group Superintend- 
ent—The Bureau of Aeronautics, Navy Depart- 
ment, has an opening for an Aeronautical Engi- 
neering Group Superintendent, at the Naval 
Air Station, Alameda, Calif. The salary for this 
key position is at the GS-14 level, $10,320 per 
annum. This superintendent is the top civilian 
reporting to the Naval Officer in charge of the 
Aeronautical Engineering Group. A minimum 
of 10 years’ education and experience is required— 
a Bachelor’s degree in aeronautical or a related 
branch of engineering, plus at least 6 years of 
professional engineering experience, including 3 
years of supervisory experience. Standard 
Form 57, Application for Federal Employment, 
which may be obtained at any first- or second- 
class Post Office, should be sent to the Bureau of 
Aeronautics, Personnel Division (PE-252), Main 
Navy Building, Washington 25, D.C. 

Aeronautical Engineers—The following vacan- 
cies exist for aeronautical engineers at the U.S 
Naval Training Device Center, Sands Point, 
Port Washington, Long Island: Aeronautical 
Engineer—$4,480 per annum (Requirement: 
BAE degree); Aeronautical Engineer—$5,335 per 
annum (Requirement: BAE degree plus 6 
months’ professional experience in aeronautical 
engineering); Aeronautical Engineer-—$6,115 


The number preceding the notice 
represents the Box Number of the In- 
stitute of the Aeronautical Sciences to 


which inquiries should be addressed. 


per annum (Requirement: Degree in engineer- 
ing plus 18 months’ professional experience, of 
which 1 year must be in aeronautical engineering) ; 
Aeronautical Engineer—$7,035 per annum (Re- 
quirement: Degree in engineering plus 2!/: 
years’ professional experience, of which 1 year 
must be in aeronautical engineering). Inquiries 
regarding these vacancies should be addressed to 
Industrial Relations Officer, U.S. Naval Training 
Device Center, Sands Point, Port Washington, 
Long Island, N.Y. Telephone inquiries may be 
made to Port Washington 7-3800, Ext. 207 or 
208. 

Aeronautical Engineers—The Navy Depart- 
ment, Bureau of Aeronautics, has a number of 
positions available in the following fields of aero- 
nautical engineering including research and 
development on aircraft and guided missiles, 
structural loads, vibration and flutter, aero- 
dynamics, power plants, cruise control, perform- 
ance, ships installation of aircraft and missiles, 
and related mechanical, electrical, and electronic 
components. Salaries for most positions are at 
the GS-11, $7,035 per annum, and GS-12, $7,570 
per annum levels, although some positions may be 
available at the GS-13 level, $8,990 per annum. 
Positions require 2'/2 to 5 years of experience. 
Applications made on Standard Form 57 (avail- 
able at most Post Offices and Government offices) 
should be sent to the Bureau of Aeronautics, 
Personnel Division (PE-202), Main Navy Build- 
ing, Washington 25, D.C. 

Engineers—Diversified engineering positions 
are available at the Fairchild Engine Division of 


the Fairchild Engine and Airplane Corporation, 
Deer Park, Long Island, N.Y., involving engine 
research, design, design and performance analysis, 
test engineering, compressor and turbine design, 
control systems, and other engineering operations 
associated with the general field of design and de- 
velopment of gas-turbine power plants. These 
opportunities result from expanded programs in a 
new plant and gas-turbine laboratory. Send ré- 
sumé to Felix Gardner, Fairchild Engine Divi- 
sion, Deer Park, Long Island, N.Y. 


Engineers—Opportunities in a new, long-range, 
stable effort in Air Defense problems are available 
for electrical and electronic engineers or scientists, 
physicists, applied mathematicians, and mechan- 
ical engineers. This effort involves high-level 
creative origination and improvement of com- 
ponents of Air Defense Systems considering im- 
mediate and future problems. Effort will be ac- 
complished by small groups considering sequential 
problems. Direct experience is not a major con- 
sideration, provided the applicant’s background 
forms a framework of adaptable or supporting 
skills. Salary range, $5,400 to $11,610. Inter- 
ested individuals are invited to write for informa- 
tion or send résumé to Chief, Air Defense Labora- 
tory, R&D Div.-OML, Redstone Arsenal, 
Huntsville, Ala. 


Professors—The Air Force Institute of Tech- 
nology, Wright-Patterson Air Force Base, Ohio, 
has vacancies in the Department of Mathematics. 
Most of the work is at an advanced undergraduate 
and graduate level. Employment will be effected 
in accordance with Civil Service regulations. 
Grade levels available are GS-9 ($5,400), instruc- 
tor; GS-11 ($6,390), assistant professor; and 
GS-12 ($7,570), associate professor. Applica- 
tions should be made on Standard Form 57 or by 
letter to Head, Department of Mathematics, 
Resident College, Air Force Institute of Tech- 
nology, Wright-Patterson Air Force Base, Ohio. 

Instructor—Aeronautical Engineering—The 
University of Southern California has an opening 
for an instructor in its Aviation Safety Program. 
Students are U.S. Air Force, Navy, and Army 


COMPANY and LOCATION 


INDEX TO ADVERTISERS seeking Engineering Personnel 


PAGE 


PAGE 

AC Electronics Division, Milwaukee 2...... 173 Douglas Aircraft Co., Inc., Santa Monica, Calif......... 
Aerojet-General Corp., Azusa, Calif....... General Electric Co., Cincinnati; & Idaho Falls, Idaho......... 190 
AiResearch Mfg. Divisions, Los Angeles; & Phoenix, Ariz....... 118 West Lynn, Mass.......+.0000 scccccccccccccccccccce 186 
Arma Division, Garden City, N. NEE Hughes Aircraft Co., Culver City, 
Armour Research Foundation, Chicago. 186 Johns Hopkins University, Silver Spring, Md......... 185 
Avco Defense & Industrial Products, Stratford, Conn........... 83 Kaman Aircraft Covp,, Conn... ..... 
184 The Glenn L. Martin Co., Denver.......-. 92 
Boeing Airplone Co., Seattle; Wichita, Kan.; & Melbourne, Flo. 153 Minneapolis-Honeywell Regulator Co., Minneapolis 13....... 
Caltech Jet Propulsion Laboratory, Pasadena, Calif........... 161 North American Aviation, Inc., Los Angeles............165, 187 

Convair Division Northrop Aircraft, Inc., Hawthorne, Calif........... werestewers 184 
Pomona, 178 Republic Aviation Corp., Farmingdale & Hicksville, N. Y........ 179 
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UNEQUALLED 
OPPORTUNITIES 
IN ENGINEERING 


Now is the time... Convair is 
the place! Yes! If you are 
planning for a career in 
engineering look to Convair 
Pomona, the leader in Electronics. 
America’s fastest growing young 
industry. Now engaged in 
Design, Development, Engineer- 
ing and production of Electronic 
equipment and complex weapons 
systems. Convair-Pomona is 

the country’s only exclusive 
guided missile plant, with 

the most modern, best equipped 
engineering facilities. Be 

first with Convair, live in 

the beautiful Pomona Valley 
only minutes from Los Angeles, 
the mountain, seashore and 
desert playgrounds. Country 
living near the city 

at its best! 


Generous travel allowance 
to Engineers who are accepted. 
Write now enclosing a 


complete resume to: Dept. 3-N 


A DIVISION OF 


GENERAL DYNAMICS 


CORPORATION 


POMONA 


CALIFORNIA 


TOBER, 


1956 


pilots attending 8-week courses on temporary 
duty status. Instructors should have BSAp 
and preferably flying experience and ac 1Uaintanc 
with rotary-wing aircraft. This is a full-time 
position at a base salary of $8,500 for an 11-mont 
year with usual academic holidays. It iNVolves 
15 hours of classroom instruction per week. Tim. 
may be made available for study or « Msultation 
service in industry. Position to be filled by 
October 15, 1956. Appointment will 
early in October. Send inquiries t 
Safety Division, U.S.C., Los Angeles 7, 


be made 


Av iation 


Engineers—The Naval Ordnance Experiment,| 
Unit has openings for aeronautical mechanical 
and electronic engineers for technical manage 
ment of guided-missile system development py, 


grams. These positions are in the GS-12, 13 ang 
14 levels with starting yearly salaries of $7 570) 
$8,990, and $10,320 and are located in Washing 
ton, D.C. Applications on Standard Form 57 
should be sent to Officer in Charge, Naval Ord 
nance Experimental Unit, c/o National Bureay 
of Standards, Washington 25, D.C. 

Engineers—Aeronautical, Mechanical, anj 
Electronic—The Technical Development Center 
of the Civil Aeronautics Administration at [p 
dianapolis is seeking engineers to conduct dey elop 
ment, applied research, experimentation, evalua 
tion, and testing projects in connection with air 
craft structures, power plants, instrumentation 
electronic and other aids to air navigation, com. 
munication, and traffic control. Requirements 
are as follows: GS-5, B.S. degree or experience 
equivalent, $4,480; GS-7, B.S. degree or experi. 
ence equivalent plus 6 months’ experience 
$5,335; GS-9, B.S. degree or experience equiva- 
lent plus 1!/2 years’ experience, $6,115; GS-1] 
B.S. degree or experience equivalent plus 2!/; 
years’ experience, $7,035. Write or send applica 
tion on Standard Form 57 to Personnel Officer 
Civil Aeronautics Administration, Technical 
Development Center, P.O. Box 5767, Indianap 
olis 


Aeronautical Design Engineers—The Air 
craft Engineering Division of Lear, Incorporated 
is offering outstanding employment opportunities 
to qualified aeronautical design engineers. Many 
outstanding employee benefits and advancement 
possibilities are available in this extremely pro- 
gressive organization. Direct your inquiries to 
Kevin Keelaghan, Assistant Chief Engineer, Lear 
Incorporated, Aircraft Engineering Division 
Santa Monica Airport, Santa Monica, Calif 


Engineers— Doak Aircraft Co., Inc., Torrance, 
Calif. (Los Angeles County), has a number of 
unusually interesting openings for aeronautical 
engineers in the design and development of a new 
vertical take-off aircraft. Challenging oppor- 
tunities for men with experience and training in 
the fields of aerodynamics, structural design 
stress analysis, mechanical design, and engineer 
ing drafting. The development of this VTOL 
aircraft is being conducted under a prime Govern- 
ment contract. Please send résumé including 
salary requirements to N. E. Nelson, Chief 
Engineer, Doak Aircraft Co., Inc., 22309 South 
Western Ave., Torrance, Calif 


Instruction—Senior staff position of assistant, 
associate, or full professor of engineering mechan- 
ics with opportunity to teach graduate courses 
on nonlinear mechanics and elasticity. For 
further information, write Joseph Marin, Head 
Department of Engineering Mechanics, The 
Pennsylvania State University, University Park, 
Pa 


Professor or Associate—The Brazilian Aero 
nautical Technical Institute needs high-grade pro- 
fessors specialized in airplane structures, aif 
plane design, dynamics, and electronics for fur- 
ther development of undergraduate and graduate 
Men with teaching ex- 
perience are preferred, but applications from mea 


courses and laboratories 


with sound theoretical training plus practical ex- 
perience in research or development will be cot- 
sidered. Unusual opportunity for the right 
Send résumé with detailed information 
about education, experience, publications, and 


persons 
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AERONAUTICAL ENGINEERING REVIEW—OCTOBER 1956 


REPUBLIC KNOWS HOW 
TO FIT AN ENGINEER 
WITH AN OPPORTUNITY 


... how to select an advanced aircraft assignment 


that utilizes an individual engineer’s 
professional know-how and creative talents 


to the best advantage of the man and the company 


..-AT REPUBLIC AVIATION we don’t shove an engi- 
neer into a particular “slot,” just because an opening 
exists, without regard for his individual interests and 
capacities. 


...when a project is completed, we never push the pro- 
fessional staff ‘‘on to the street.”’ Instead, we plan ahead 
and have jobs ready for them. In fact, in the last decade, 
not a single engineer or scientist has been dropped at 
this company for lack of a suitable assignment. 


...when we hire a man at Republic, we like to think 
it’s “for keeps” if his work equals our expectations. 


Republic Aviation can follow this policy because we’ve 
been expanding for 25 years, not only in the design, 
development and production of advanced aircraft, but 
in the missiles field as well. A growth record like this is 
the best assurance of job permanence an able man can 
have. 


\ 
i 


Proud as Republic men are of our many pioneering 
achievements in aircraft design, such as the F-84 Thun- 
derjet, F-84F Thunderstreak, RF-84F Thunderflash — 
and the incredible new F-105 and F-103, there’s no 
temptation to rest on past laurels here. In the highly 
competitive aircraft industry, it’s always the future that 
counts. 


This means that new openings are continually being 
created at Republic for professional men with sound 
technical knowledge and creative ideas. 


And Republic has a salary scale and benefits program 
that is a model for the industry. 


POSITIONS OPEN AT ALL LEVELS IN: 


Aerodynamics « Systems « Propulsion + Operations Research « Dynamics 
e Stress Controls « Electronics Staff Engineering Electromechanics 
Flight Test Research Thermodynamics « Flutter & Vibrations Weights 
Weapons Systems Analysis ¢ Servo 


Analog Computers « Antennae « Controls Systems e¢ Instrumentation 


e Airframe & Mechanical Design 


An important adjunct to a Republic job is life on Long Island, fabulous playground of the East Coast. 


Please address complete resume outlining details of your technical background to: 


AIRCRAFT: 

Engineering Personnel Manager 
Mr. D. G. Reid 

Farmingdale, Long Island, N. Y. 


MISSILES: 

Administrative Engineer 

Mr. R. R. Reissig 

Hicksville, Long Island, N. Y. 


STEP AVIATION 
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Just for fun, 

| think [Il 
answer this 


ad 
| 
YOU'RE THE MAN who hasn’t answered a recruitment 
ad for a long time—and you are the man we would like 
to have answer this one. 

CWT—the Southern California Cooperative Wind Tun- 
nel—has completed an $8 million expansion program. Our 
staff needs expansion too. We are adding some junior men, 
but we are especially looking for experienced engineers— 
men with a solid background in aerodynamic testing and 
development. 

Even if you’re not considering a move now, we’d like 


to send you the CWT story. We think it can be to your 
advantage. Just mail the coupon below... 


Operated by the California Institute 
of Technology. Owned by Convair, 


Douglas, Lockheed, McDonnell and 
North American. 

a CWT is concerned with testing, 
analysing and solving aerodynamic 
problems involved in the develop- 


ment of high-speed aircraft and 
guided missiles. 


Southern California Cooperative Wind Tunnel 
952 South Raymond, Pasadena, California 


GENTLEMEN: Please send me literature about them Tynnel. 
ant 
TE 


l 
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other contributions to Reitor ITA rA 
Jose dos Campos, Sao Paulo, Brazil 


771. Engineer=Patents—— Aircraft 
ganization has openings in New York City ; 
engineering graduates with suitable ed Ication 
background or experience in the aeron 
arts; aerodynamics, power plants, or aStics ar 
preferred fields. Salary commensurate with e : 
cation and any previous experience Dut ne 
volve patent research Exceptiona Opportur 
ity, especially for those desirous of entering +i 
patent field with chance to learn vari phases 
patent work including contact with U.S. Pater 
Office and corporate patent activit Usua 
employee benefits, including pension plan 
training program which includes tuition for Ja 
school or other advanced study 


770. Professor—An opening exist 


mar 
with a Doctor's degree for teaching and part-tim 
research in aeronautical engineerin Salar 
and rank open. Outstanding individual wit 
proved ability desired. Field of specialty ope; 
aerodynamics, structures, aeroelasticity I 
tion deep Southeast Please submit comple 
data on qualifications, together with small phot 


graph 
764. Laboratory Supervisor-— Mid tern Un 
versity desires young, aggressive man t 


charge of aeronautical laboratory nel 


by 10-ft. wind tunnel, supersonic tunn 


to assist on research programs Engineering 
physics degree required. Opportunity for grad 
ate study Please submit complete qualificatior 


and small photograph 


763. Professor— Associate or full professor 
ship in the field of aircraft structure r engineer 
ing mechanics. Desires man who either is or w 


be an outstanding teacher for under 


graduate courses Man must have proved abilit 


for research and publication Advanced degre 
required; location, Midwest; salary and rank 
open. Please submit complete qualif 


small photograph 


Available 


772. Engineer-Writer—\.S mature, wit 
extensive background in aeronautical engineering 
major structural analysis, and technical writin 


varied experience with general engineering pr 


ects. Traveled Desires teaching position or 
research with school or university, preferably 
New England or California Résumé on request 


769. Analytical Engineer B.S., M.A 
Math.), B.M.E. Ten years’ experience in eng 
neering research and development, including $ 
years in aerodynamics; also 8 years’ teaching 
experience and 4 years in sales West Coast or 
New York area preferred Nonmilitary pr 
ects preferred 

768. Product Development Engineer—Grad 
uate M.E. with 6 years’ air-frame structura 
design and 3 years’ fastener design experienc 
Has supervisory responsibility for the design an 
development of aircraft hardware reporting 
directly to Vice-President Introduction and 


promotion of new products to the aircraft indus 


tries at the design and purchasing levels. Com 
pany representative at Government- and indus 

| nend 
try-sponsored meetings. Several patents pend 


ing on fastening and related devices. Desires 
staff level position with aircraft components or 
hardware manufacturer 

767. Aeronautical Engineer— Presently em 


ployed as supervisor on aerodynamic design ‘ 


rockets and guided missiles Eight years ex 
perience in this field; 2!/2 years’ experience 10 air 


craft structural design. B.S. and M°S. in Ael 


Interested in supervisory position in missile of 


western 


rocket aerodynamics, preferably in tlic 


half of the United States, but will consider other 


locations 

766. Professional Engineer—B.Sc., with - 
years’ experience, currently editor of a technica 
magazine in Canada, seeks editorial post 
scope for general engineering and scientific wrt 
ing and first-class organizing ability Age il 
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fritish Author of two books and scores of 
technical articles 

765. Engineering Teaching Position—With 
professorial rank desired in a private northeastern 
wniversity. Fields of mechanics, thermodynam- 
cs, and heat transfer, etc Ph.D. degree 
[Twelve years experience in research, consulting, 
ind teaching 

761. Executive or Staff Engineer— Adept at 
old or new problems in many fields. Can ad 
minister group or assist top executive in mechan 
ical or related fields based on 20 years of inte 
erated design, development, research, and man 
agement Wide coverage of light to heavy me- 
chanical activities including contract operations 
Broad and progressive interests, registered, ad- 
vanced degree 

760. B-47 Aircraft Commander—Aeronautical 
Engineer— Desires assignment as engineering test 
pilot Diversified 3,000 hours conventional and 
ict: 900 hours B-47 First Pilot 
single-engined land, single-engined sea, multi 


Commercial 
engined land, instrument ratings Résumé on 
request 

759. Aeronautical Engineer—Presently em 
ployed by aircraft manufacturer. Desires posi 
tion with air line in operations engineering with 
opportunity for advancement or participation in 
administration. East Coast base preferred 
B Ae.E., M.M.E., private pilot rating; 5 years’ 
total experience—2!/2 years’ work with stability, 
control, and performance of guided missiles, and 
} years’ experience in jet-aircraft research and 


development. Age 28 


THE IAS LIBRARY 


Publications treated in the 


“Aeronautical Reviews’’ sections 
are maintained by the Library for 
use by the [AS Membership. They 
are not for sale but are made avail- 
able through the facilities of the 
Library. 


LENDING SERVICES: Institute 
Individual and 
Corporate, may borrow periodicals, 
reports, and books for a period of 
2 weeks, excluding time in transit. 
Excepted are certain reference books 
and those IAS publications that 
may be purchased. 


members, both 


Puotocopy SrErvices: The Li- 
brary is equipped to provide, as 
a service, positive photocopies of 
certain materials in its collections. 
Rates on request. 


For detailed information about 
these and other services, write to: 


John J. Glennon, Librarian 
Institule of the 
Aeronautical Sciences, Inc. 
2 East 64th Street 
New York 21, New York 


PERSONNEL OPPORTUNITIES 
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ENGINEERS 


Aerodynamics & Propulsion 


APL-An rganization 
Of And For Technical 


en And Scientists 


The Applied Physics Laboratory (APL) of the Johns Hopkins University 
is an organization of and for technical men and scientists. Several 
factors allow for more effective utilization of ‘mind power’ at APL. 
They lead to tangible and intangible satisfactions for staff members 
that could not be gained elsewhere. 


Among them are: 

1. Individual staff members are given a measure of responsibility and 
initiative much greater than in many comparable establishments. 
Decision-making, on all levels, is placed in the hands of scientists and 
technical men. 


2. Staff members do not restrict their efforts to limited technical 
problems. Instead they are asked to assess and solve problems of a 
systems nature, including analyses of complete tactical problems. 


3. APL handles technical direction of the work of many associate and 
sub contractors, including 21 universities and leading industrial organi- 
zations. Asa result, APL staff members enjoy a rewarding exchange of 
ideas and techniques with other leaders in R & D. 


t. The combined facilities of APL, its associate and sub contractors, 
and Government test stations provide opportunities for members of its 
technical staff to develop and exploit their varied capabilities in a 
unique environment where teamwork and individual initiative are 
fused, 


5. This esprit and freedom to look into new concepts has resulted in 
a number of “quantum jumps” in defense capability, including the 
proximity fuze, the first supersonic ramjet engine, and the Navy’s 
Bumblebee family of missiles which includes TERRIER, TALOS and 
TARTAR. APL is presently attempting break-throughs on several 
important fronts. 


APL’s expansion program recently witnessed the completion of new 
laboratories covering 350,000 sq. ft. in Howard County, Maryland, 
equidistant from Washington, D. C. and Baltimore. Men of orig- 
inality are invited to inquire about staff opportunities. Salaries com- 
pare favorably with those of other R & D organizations. 


OPENINGS EXIST IN: 

DEVELOPMENT: Stability and control analysis; ramjet engine 
design; preliminary design and wind-tunnel testing. 

RESEARCH: Interference and heat transfer phenomena; internal 
aerodynamics; hypersonics, turbulence, shock wave phenomena; com- 
bustion. 


For Additional information write: Professional Staff Appointments 


The Johns Hopkins University 


Applied fr hysics Laboratory 


8605 Georgia Avenue, Silver Spring, Md. 


: 
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AERONAUTICAL ENGINEERING REVIEW—OCTOBER, 1956 


Experienced Engineers: If you seek a stabilized future with unlimited 
potential for advancement and recognition — Cessna has a place for 
you! An equitable balance of military and commercial projects 

provide wide diversification of assignments. 


ENGINEERS -—OPPORTUNITY UNLIMITED 


Stress Analysists — Excellent supervisory positions available for 
aero, civil, or mechanical engineers. Flight Test — Conducting flight 
test programs on jet aircraft. A complete range of assignments. 
Example: Air Load Survey, Stability and Control, and 

Component Development. For other assignment openings, write: 
Professional Placement Supervisor, Dept. AER. 


Cessna AIRCRAFT COMPANY 


5800 EAST PAWNEE * WICHITA. KANSAS 


PHYSICIST 
PERFORMANCE and We have an exceptional position open for a Gas Dynamist 


capable of working in both the theoretical and experimental 
INSTALLATION ENGINE ER aspects of transient phenomena, such as shock and blast waves. 

We prefer a man with a M.S. degree in Physics and some ex- 
perience in Gas Dynamics. This position offers an opportunity 
to use your initiative and creative ability. Many liberal em- 
ployee benefits including tuition-free graduate study. Please 


There are two positions open in the preliminary 
send resume to: 


design activity of General Electric’s Small 
Aircraft Engine Department, located in West 

Lynn, Mass. This activity deals with per- Mr. J. A. Metzger 

formance requirements and installation anal- 

ysis of proposed engines. It guides Design ARMOUR RESEARCH FOUNDATION 
and Development Engineers in planning charac- fe) 
teristics and configuration of new engines Illinois Institute of Technology 
and integrating them with advanced type aircraft. 10 West 35th Street 


Requirements are a Bachelor or advanced degree Chicago, Illinois 
in mechanical or aeronautical engineering, plus 
experience in airframe or aerodynamics, and a 
working knowledge of air inlet, exhaust nozzles —- — 
ducting and cooling problems. 


The salary is commensurate with ability and 
experience and is coupled with many other company 
benefits. These positions offer an opportunity 

to be a forerunner in power plant development 

and to grow professionally in our well-recognized 
engineering organization. 


When you write to manufacturers whose advertising appears 
in the 


Aeronautical Engineering Review, 
For further information, write in 
complete confidence to: 
it will be of interest to the companies 
Mr. T. S. Woerz (Section 4-B) 


Small Aircraft Engine Dept. 
GENERAL @@ ELECTRIC 


1000 Western Avenue, West Lynn, Mass. 


and of benefit to the Institute if you mention that you saw it 
in the 


Aeronautical Engineering Review 
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AERONAUTICAL ENGINEERING REVIEW—OCTOBER, 


Propulsion experts at North 
American Aviation’s Los Angeles 
Division are carrying out thermo- 
dynamic analyses of highly 
advanced engines. The studies in- 
clude investigation of turbojets, 
ramjets, rockets and nuclear 
propulsion devices...compressors, 
combustors, turbines, afterburn- 
ers, exhaust nozzles and thrust 
augmentation devices. 


The Engineering Personnel 
Department at North American’s 
Los Angeles Division is seeking 


Select California engineering 
group explores thermodynamic 
cycles in advanced engines 


positions now open for Cycle Analysis... 
Thermodynamics...and Nuclear Engineers 


several qualified engineers who 
are interested in this work. They 
are looking for men who have had 
a minimum of three years thermo- 
dynamics cycle analysis experi- 
ence in jet engines or propulsion 
analysis. Advanced degrees are 
preferred, though not required. 


Interested engineers are invited 
to contact Mr. W. H. Nance, 
North American Aviation, Inc., 
Los Angeles Division Engineering 
Dept. 56AER, International Airport, 
Los Angeles 45, California. 


ATTENTION ADVERTISERS 


YOUR 
BEST INVESTMENT 
IN 


ENGINEERING 
READERSHIP 


Is 


AERONAUTICAL 
ENGINEERING 
REVIEW 


The ONLY magazine serving the 
specialized interests of profes- 
sional engineers and design proj- 


ect teams in the aviation industry. 


= 


PRODUCTION 


ENGINEERS 


Projects that will test 


to the full in design and 
development of test 


use in the manufacture, 
inspection, test and 
reliability control of 
highly complex electro- 


weapons control and 


TEST EQUIPMENT 


your skill and imagination 


equipment for production 


mechanical and electronic 


missile guidance systems. 


resume. 
without your permission. 


Manager of Technical 
Personnel, Dept. 674 


Roosevelt Field, 
Garden City, L. N. Y. 


Please forward confidential 
No reference contact 


Division American Bosch Arma Cerp. 
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AERODYNAMICISTS 


eee 


Honeywell’s Aeronautical Division, 
the largest manufacturer of auto- 
matic pilots and associated flight 
control equipment, is continuing its 
program of expansion and diversi- 
fication. 


@ Our aerodynamic analysis group 
currently has openings for qualified 
aeronautical engineers with back- 
ground and interest in aerodynamic 
analysis of closed loop systems and 
their relation to boundary layer con- 
trol, flutter, buffeting and inlet 
geometry control. 


@ These positions provide a variety 
of unusually interesting opportuni- 
ties as our equipment is already 
scheduled for a number of super- 
sonic aircraft and missiles, offering 
exceptional diversification in the 
aerodynamic field. 


CONSIDER 
THESE 
ADVANTAGES 


@ Minneapolis, the city of lakes and 
parks, offers you metropolitan living 
in a suburban atmosphere. No 
commuting. 


@ Your travel and family moving 
expenses paid. 


@ Salaries, insurance-pension pro- 
grams, plant and technical facilities 
are all first-rate. 


WRITE TO US 


If you are interested in a permanent 
position with a sound, diversified 
growth company, call collect or send 
your résumé to Bruce Wood, Tech- 
nical Director, Dept. T-4, Aero- 
nautical Division, 1433 Stinson 
Boulevard, N.E., Minneapolis 13. 


Honeywell 
AERONAUTICAL 
DIVISION 


—— = 
_—! 

| 
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you're interested 


AERONAUTICAL ENGINE 


an... 


there’s an exceptional opportunity for you at Hughes. 


There are many excellent openings for mechanical and aeronautical 
engineers for challenging assignments in the areas of high-speed missiles, 
aircraft structures, and antennas. This work concerns developing prac- 
tical solutions to both theoretical and actual problems of heat transfer, 
structural analysis and design, stress analysis, materials section, and in- 
strumentation. 

The projects at Hughes have both military and commercial potential. 
Men qualified for these activities are assured of a practically unlimited 
future in a career with the West’s leading center for advanced electronics. 

You owe it to yourself to investigate this opportunity to earn a top 
salary while working with leading scientists and engineers in the ideal 
climate of Southern California. Mail us your resume to qualify for per- 
sonal interviews. 


Scientific Staff Relations 


Research and Development Laboratories 
HUGHES AIRCRAFT COMPANY 
Culver City 

California 


BER, 1956 


A few of our openings include: 


ENGINEERS 

For the analysis and design of 
missile structures and other air- 
borne equipment. Also adhesives 
engineers, metallurgical and ma- 
terials engineers with aircraft or 
missile design experience. 
MECHANICAL ENGINEERS 
To participate in the design and 
development of missiles, missile 
launchers, aircraft structure, 
component installation, environs 
mental test equipment and 
general mechanical design. 
AERONAUTICAL ENGINEERS 
For the analysis and design of 
missile launching equipment for 
high-speed aircraft, including 
coordination and liaison 

with many major airframe 
manufacturers. 

DYNAMICS ENGINEERS 

To work on shock and vibration 
problems in an aerothermal en- 
vironment. Also elasticians to 
work on advanced aerothermo- 
elastic problems associated with 
high-speed flight. 

ENGINEER 

For research related to the selec- 
tion of materials and develop- 
ment of fabrication techniques. 
LIAISON ENGINEER 

To work between Development 
Laboratories in Culver City and 
Engineering Laboratory in 
Tucson or between the Labora- 
tory and subcontractors. 
THERMODYNAMICIST 

To perform analytical and ex- 
perimental analysis of heat 
transfer from electronic com- 
ponents via natural convection, 
forced-air convection, and 
radiation. 


These positions also available 
in the Research and Development 
activity at Tucson, Arizona. 
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